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Novel Polymers for Use fn Optical Devices 

The present invention relates to novel polymers comprising benzotriazol containing repeating 
units and to their use In optical devices, such as an optical device comprising an 
electroluminescent device or a photovoltaic device. 

Derivatives of poly(p-phenylenevinylene) have been known for some time as 
electroluminescence (EL) materials (see, for example, WO90/13148). 



1 0 W098/1 1 150 discloses triazine polymers of fomiula 
electroluminescence (EL) aoangements. 



Z 



and their use in 



WOOO/46321 and US.B-6,5 12,083 relate to fluorene-containing polymers and their use In EL 
arrangements. 

15 

WO01/49768 discloses luminescent polymers comprising a triarylene repeat unit which 
comprises a triarylene of general formula 

> 

which is substituted or unsubstituted and an arylene repeat unit -[-Ar-]- that is different from 
20 the triarylene repeat unit wherein X" and Y" are each independently O, S, CR, SIR or NR 
and each R is Independently alkyi, aryl or H. 



W097/12882 relates to benzotriazole polymers having general formula 

OH ^ ^ 

M, n, and o are 1 to 1000 




R=Hor y 




XsHor <vv»N 



25 which are useful as ultraviolet light stabilizers and metal chelaters. The products of 
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W097/12682 are (derivatives of 4-iiyclroxyaoetophenone benzotriazole and 4- 
liydroxyphenylmeUiyl carbinol benzotriazole. 

WO02/059121 relates to monomers having general formula 
V-Ar-Ar-^^-Ar-Ar-X' 

hnQnh 

5 , which may be substituted or unsubstltuted: where X' and V are 

the same or different and are reactive groups capable of undergoing chain extension; X is O. 
S. NR. RC-CR or RC=CR; Y is O. S. NR. RC-CR or RC=CR; R is H or a substituent group; ' 
and Ar is a substituted or unsubstltuted aryl or heteroaryl group. 

1 0 There are a number of challenges faced with the intioduction of organic EL displays when 
their performance is compared with existing technologies. Obtaining the exact color 
coordinates required by specific guidelines (i.e. NTSC) has been problematic. The 
operational lifetime of the EL device is relatively lower when contrasted to the existing 
inorganic technology. In addition, producing a material with a pure blue color and a long 

1 5 lifetime is one of the greatest problems for this industry. 

Accordingly, It Is the object of the present Invention to provide novel materials, which show 
significant advantages in color purity, device efficiency and/or operational lifetime, when 
Incorporated in optical devices. 

20 

Said object is solved by the polymers of the present Invention comprising benzotriazole 
containing repeating units. Optical devices, comprising the polymers of the present Invention, 
can show significant advantages in color purity, device efficiency and/or operational lifetime. 
In addition, the polymers can have good solubility characteristics and relatively high glass 
25 transition temperatures, which facilitates their fabrication Into coatings and films that are 
relatively thin, themially stable, and relatively free of defects. If the polymers contain end 
groups which are capable of being crossllnked, the crossllnking of such groups after the films 
or coating Is formed Increases the solvent resistance thereof, which is beneficial in 
applications wherein one or more solvent-based layers of material are deposited Oiereon. 



30 



Accorelingty. tiie polymers of the present Invention should have a glass transition 
temperature above lOQ-C. especially a glass transition temperature above 150"C. 
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The repeating units of the polymers of the present Invention comprise a benzotrlazole 
backbone 




. wherein the phenyl group of the benzotrlazole may be substituted In any 
pattern, including fused ring systems. The benzotriazole monomer (or comonomer) may give 
rise to a main-chain or a pendant staicture of the polymer, both of which may be conjugated 
or non-conjugated. The present Invention Is not limited to a benzotriazole structure where 
one connection to the polymer is through the phenyl ring or a group attached thereto and the 
other is through the substituent attached to the nitrogen atom. Other structures may exist 
where both links to the polymer chain are on the the phenyl ring or a group attached thereto, 
and similariy, where both polymer connections are on the substituent attached to the nitrogen 
atom. In addition, the benzotriazole moiety may be connected to a polymer in a pendant 
manner. 



16 



Examples of the benzotriazole backbones are groups of ttie following formula 




wherein A«, A« A". A« A« A^*' . A« A« A^^ and A« are independently of each 

other H. halogen, SO3 , Ci-CiaalkyI, Ci-Ci8alkyl which is substituted by E and/or interrupted 
by D, C6r<:j24aryl. Ci-CieperfluoroalkyI, C6-C24aryl which Is substituted by G. Ca-Caoheteroaryl. 
20 CrPaheteroaryl which is substituted by G. C2-C«alkenyl. Cg-Cisalkynyl. CrCisalkoxy, Ci- 
Ciealkoxy which Is substituted by E and/or intermpted by D. CT-Casaralkyl. or -CO-Pe®. 
wherein E, D, G and are defined as below, or 

two groups A^\ A^^ A^^ A^^- . A«. A«. A^'and A«. which are neighbouring to each other, are 



A^^ A^ 



a group 



T T T 

' 32 !3S 



,or 



, wherein A", A* A» A**. A* A» and A" are 
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independently of each other H. halogen. SO3-. Ci-Ci8alkyl. Ci-Ciealkyl which is substituted by 
E and/or interrupted by D, Ci-Caperfluoroalkyl. Ce-Ca4aryl, Ce^aryl which is substituted by 
G, Cz-Czoheteroaryl. Cz-Czoheteroaryl which is substituted by G, C2-Ci8alkenyl, CVCieallcynyi, 
Ci-Cieallcoxy. Ci^ieallcoxy which is substituted by E and/or interrupted by D. CT-Czsaralkyl, 
5 or -CO-R=®. and up to 2 substftuents A". A^. A^, A^. A". A^, A^^. A'^' , A^®- , A^^ A", A^®. 
A^, A^, A^, A^, A^, A* and A^ can represent the connection to the polymer. 

As used herein the temri "polymer of the present invenOon" refers to polymers having 
repeating units of formula I, Including fbnnula la to Id, II, including fomiula lla to llg. fonnula 
10 ill, and/or formula IV, including formula IVa to IVa 

Accordingly, the present Invention relates to polymers comprising a repeating unit of the 
formula 




Ar\ Ar^. Ar^, at\ Ar^, Ar^ Ar^ and Ar« are independently of each other an aryl group, or a 
heteroaryl group, which can optionally be substituted, espedally a Ce-Cgoaryl group, or a C2- 
20 Qaeheteroaryl group, which can optionally be substituted. 
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IntherepeaUi^ units of formula IV at least one of x and y is 1. If x and y are both 1, 




repeating units of formuf a 



(IVc) results, which could bs seen as a "crossllnking 



structure', present m 0.01-3 %. Preferred are, however, repeating units of formula 





(IVa)and 



(iVb). 



Among the repeafa'ng units of the fomiula I, repeating units of formula 



(la). 



(lb). 





N At- 



" (Id)areprofeaed, 
wherein Ar^ is as defined atiove, 

10 R' and are independently of each other H. halogen. SO,", C,-C,ealkyl. C,-C,Ballcyl which is 
substituted by E and/or interrupted by D, C,-Caperfluoroalivl. Ce-C«aryl. Ce^^aryl which is 
substituled by G. Cj^Jaheteroaiyl, Cj-CaBheteroaryl which is substituted by G. Cz-Csalkenyl. 
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Cz-Cisalkynyl, Ci-Ciaalkoxy, Ci"CiBaIkoxy which Is substituted by E and/or intermpted by D, 
CT-Czsaralkyl. or ^-R^^. 



or two substituents and R^, which are adjacent to each other, are a group '"^^ . or 



5 D is -CO.; -COOs ^O; -SO2-: -O-; -NR^-; -SiR^R^^-; -POR«-; -CR23=cr2*-; or -teC-; 
and 

E Is ^R»: ^R«; -NR^r2Bj ^oR»: -C00R=^; ^0NR«R»; -CN; -OCOOR^; or halogen; G 
Is E, or Ci-Ci8alkyl, wherein 

R^, R^, and R^® are Independently of each other H; Ce-Cisaryl; Ce-Ciaaryl which is 
1 0 substituted by C,.C«alkyf. or Ci-Ciaalkoxy; CrCisalkyl; or Ci-Ci8alkyl which is interrupted by 
-0-; or 

25 2B fl 

R andR together form a five or six membered ring. In particular ^ 

-A 




R^ and R» are independently of each other H; CrCiearyl; Ce-Cisaryl which is substituted by 
1 5 Ci-Ci8alkyl, or Ci-C,8alkoxy; Ci-Ci8alkyl; or CrCiBalkyi which is interrupted by -O, 

R® is H; Ce-Ciearyl; Ce-Ciearyl, which is substituted by Ci-Cisalkyl, or C-Cisalkoxy; Ci- 
Ciealkyl; or Ci-Cisalkyl which Is interrupted by-O-, 

R^' and R^' are independently of each other Ci-Cisalkyl. QrCiaaryl, or Ce^isaryl. which is 
substituted by Ci-Cisalkyl. and 
20 R^ is Ci-Ciealkyl. Ca-Cisaryl, or Ce-Ciaaryi, which is substituted by Ci-Ciaalkyl. 

Preferably. R^ and R^ are independently of each other H, Ci-Cisalkyl. such as as methyl, 
ethyl, n-propyl, iso-propyl. n-butyl. isobuftrl. orsec-bulyl, or Ce-C24aryl, such as phenyl, 
naphthyl, or biphenyl. 

25 
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D is preferably^.. -COO-, -S-, ^SO-, -SO2-, -O-. -NIR^s.. wherein R^^ is Ci-CiaalkyI, such as 
methyl/ethyl, n-propyl, Iso-propyl, n-butyl, isobutyl, or seo-butyl. or Ce-Ca4aryl, such as 
phenyl, naphthyl, or biphenyl. 

5 E is preferably -OR«; -SR=»; .NR=»R»; -COR^; ^OOR^; -CONR«R»; or -CN; wherein R» 
R^. R^ and R^^ are Independently of each other Ci-Cib alkyi, such as methyl, ethyl, n-propyl, 
iso-propyl. n-butyl. isobutyl. sec-butyl, hexyl, octyl, or 2-ethyl-hexyl, or C8-C24 aiyl. such as 
phenyl, naphthyl, or biphenyl. 

1 0 Examples of Ar^are a single bond. -CO-, -COO-; -S-; -SO-; -SOr; -0-; -CR^^sCR^*.; or - 
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15 



20 




» or 



, wherein 



n1, n2, n3. n4, n5, n6 and n7 are integers of 1 to 10. In particular 1 to 3, 

and are fndependently of each other H. Ci-C,BaikyI. Ci-Ciaallcyi which is substituted by 
E and/or interrupted by D, Ce-C^^aryl. CVC^^aryl which is substituted by G. Cz-Czpheteroaryl. 
C2-C2oheteroaryl which is substituted by G, C^-Ceallcenyl. CVCi8allcynyl. C,^«alkoxy. C,- ' 
Cieailcoxy which is substituted by E and/or interrupted by D, CT-Casarallcyl. or -CO-R^^. 
R« rs Ci.Ci8allcyI. d-Ciaaltcyl which is substituted by E and/or Interrupted by D, Ce-C« aryl or 
C7-C2sarall«yl. 

R* and R^o are independently of each other C-Cib allcyl. Ci-CieallQn which is substituted by E 
and/or interrupted by D, Ca-Ca^aryl, Ce-Ca4aryl which is substituted by G. Ce^^oheteroaryi. 
C^-C^oheteroaiyl which is substituted by G. QrCiaaikenyl, C2^«ailcynyl. Ci-Ciealkoxy. Ci- 
Ciaalkoxy which is substituted by E and/or interaipted by D. or (VQasaraikyl, or 
R® and R^**fbmi a ring, especially a five- or six-membered ring, 

R^* and R^^ are independently of each other H. CrCisaikyl. Ci-Ci8aikyl which is substituted 
by E and/or Intemjpted by D. C6-C24aryl. C6-C24aryl which Is substituted by G. Cz- 
Caheteroaryl, or C2-C2oheteroaryl which is substituted by G. 

D is -CO.; ^OO-; -S-; -SO-; -SO^-; -O-; -NR^^s -SIR^R^i-; -POR^-; -CR^=CR^.; or -feC-; 
and 
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E is ^R«; .SR»: -NR»R»; -COR^; -COOR^; ^ONR^R^; ^N; OCOOR^; or halogen; G 
is E, or Ci-CiaaHcyI, wiiereln 

R^. R2^ r25 and R^^ are independently of each other H; Ce-Ciaaryl; CB-CiaaryI which is 
substituted by CrCieallcyl. Ci-Ciealkoxy; C-CiealkyI; or Ci^«allcyl which is interrupted by - 
0-; or 



and together form a five or six membered ring, in particular O 




— N — N. 



■ or 



and R» are independenUy of each other H; QrCaaryl; QrC,,aiyl which is substituted by 
Ci-Ciaallcyl. or Ci-Ci8all«Mcy: Ci<!,8allcyl: or C,<:,Ball«y| which is intenupted by-O-. 
R" is H; CrCisaryl; Ce-C,8aiyl, which is substituted by Ci-daalkyl, Ci-Ci8allcoxy; Ci-Cgallcyl; 
or Ci-CiBall(yl which is Interrupted by-O-, 

R* and R^' are independently of each other Ci-C„alkyl. Cs^Jigaryl. or C8-Ci8aiyl. which is 
substituted by C-Cisalkyl. and 

1^ is Ci-Ci8alkyl. Ce-Cigaryl. or Ce-Cigaiyl, which substttuted Ci-Ci8allQrl. 

Preferably. R" and R^ are Independently of each other H. C-C^alkyl. such as methyl, ethyl, 
n-propyl. iso-propyl, n-butyl. isobulyl, sec-butyl, t-birtyl, 2-methylbutyl. n-pentyl. isopenfyl, n- 
hexyl. 2-ethylhexyl, or n-heptyl. C,-C„alkyl which is substituted by E and/or interrupted by D. 
such as -CHjOCHs, -CH20CH2CH3, -CHzOCHjCHjOCHs. or -CHaOCHjCH^OCHzCHa . Ce- 
C«aiyl, such as phenyl, naphthyl. or biphenyl, CrQ^aryl which is substituted by G. suc^ as 
-C6H4OCH3, -C6H4OCH2CH3. -C6H3(OCH3)2. or.CgH3(OCH2CH3)2. -CeH4CH3, -C.Hs(CH3)z. 
-CeHaCCHa),, or -CsH^Bu. 

R» is preferably H. Ci-C«allcyl. such as methyl, ethyi. n-propyl, iso-propyl. n-bu^. Isobutyl. 
seo-bulyl, t-butyl, 2-methyIbutyl. n-pentyl, isopentyl. n-hexyl, 2-ethylhexyl. n-heptyl, or C- 
C24aryl, such as phenyl, naphthyl, or biphenyl. 

Preferably, R" and R« are Independently of each other H, Ci-C,8alkyl. such as n-butyl. seo- 
butyl, hexyl. oclyl. or 2-ethyl-hexyl. C,.C«aIkyl which is substituted by E and/or interrupted by 
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D. such as -CH.(OCH2CH,)^CH3, w = 1. 2. 3. or 4. Ce-C^aryl. such as phenyl, naphthyl. or 
biphenyl. Ce-C2»aryl which Is substituted by G. such as -CeH^OCHa, -C6H4OCH2CH3. 
-C«H3{OCH3).. ^eH3(OCH2CH3fc. .C8H4CH3. -C6H3{CH3fc. -CeH^CCHaK or-CeH^tBu." or R» 
and R^^ together form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as 
cydohexyl. or cydopentyl. 

Preferably. R^*' and R^^ are independently of each other H. Ci-C^alkyl. such as as methyl 
ethyl, n-propyl. iso-propyl. n-butyi. isobutyl. or sec-butyl, or Ce^aryl. such as phenyl, 
naphthyl. or biphenyl. 

D fs preferably -CO-. -COO-. -S-. -SO-. -SO3-. -0-, -NR^-. wherein R» is C,-C,aallcy». such as 
methyl, ethyl, n-propyl. iso-propyl. n-butyl. isobuJyJ. or seo-bulyl. or Ce^aryl. such as 
phenyl, naphthyl. or biphenyl. 

E te prBferably-OR»; -SR«; -NR«R»; -COR^; -COOR^; -CONR^R'S; or -CN; wherein R^. 
R^ R» and R» are Independently of each other Ci-C,3 allqrt. such as methyl, ethyl, n^jropyl 
iso-propyl. n-bulyl. isobulyl. secbutyl. hexyl. octyl. or 2-ethyl-hexyl. or aryl. such as 
phenyl, naphthyl. or biphenyl. G Is E. or C,-C,ealkyl. such as methyl, ethyl, n-propyl. Iso- 
propyl, n-bu^. Isobutyl. sec-butyl, hexyl, oc^. or 2-othyl-hexyl. 

AnxMig the above-mentioned groups Ai« the following groups are pref^d: 




and 



" , wherein R*. R^ r» 



and R" are defined as above and n1 and n2 are 1, 2. or 3. 

The polymer of the present invention comprise the repeating unit of the formula I in an 
amount of from 0.5 mol% to 100 mol»/o. especially in an amount of from 20 mol% to 60 moi% 
wherein the sum of all repeating units (monomere) is 100 moi%. Accordingly, the polymers of 
the present invention can comprise besides the repeating unit of the formula I additional 
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repeating units in an amount of up to 99.5 mol%. especially In an amount of from 80 mol% to 
40 moI%. 



Suitable additional repeating units T are selected from the group consisting of 



., especially " 





r" R*^ r" 



.or 




R" R^* 





-— 










Or" 


s 





10 




) especially 
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5 




p Is an integer from 1 to 10, especially 1. 2 or 3, 

q is an integer from 1 to 10, especially 1 , 2 or 3. 

s is an integer from 1 to 10, especially 1, 2 or 3, 

and R« are independently of each other H. Ci<;,ea»«yl, Ci-CiaafkyI which is substituted 

10 by E and/or interrupted by D, C6-C24aryl. C6-C24aryl which is substituted by G, or 

C2qheteroaryl, C2-C2oheteroaryl which is substituted by G, 

and R" are independently of each other H. Ci-Ci8alkyl, Ci-Giaalltyl which is substituted 

by E and/or interrupted by D, Ce-Ca4aryl. CrC24aryI which is substituted by G, Cz- 

Caoheteroaryl, or Ca-Csoheteroaryl which is substituted by G, Cz-CiBallcenyl. C2-Cieall<ynyl. Ci- 

1 5 Cieallcoxy, Ci-Ciealkoxy which is substituted by E and/or interrupted by D. CrCzsafalkyl. or - 
CO-R28 

is H; Ce-Ciaaryl; Ce-Cwaryl which is substituted by C,-Ciaallcyl, or Ci^iBalkoxy; Ci- 
CieallQ^, or Ci-CiaalkyI which is interrupted by-O-; 

R^^ and R^^are independenMy of each other Ci-C,aallcyl, Ci-G,aallcyl which is substituted by E 
20 and/or Interrupted by D. Ca-Czdaryl, Ce-Q24aiyl which is substituted by G, QrCaoheteroaryl, 
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CrQaoheteroaryl which is substituted by G. Cz-Cisalkenyl, Cs-Ciealkynyl. Ci^Balkoxy. Ct- 
Cisalkoxy which is substituted by E and/or interrupted by D, or CrCzsarallcyl, 

and together form a group of formula =CR^~R^^. wherein 
R^~ and R^'" are independentiy of each other H. Ci^^alkyl. Ci-deallcyl which is substituted 
5 by E and/or interrupted by D, C6-C24aryl, CVC»aryl which is substituted by G, C2- 
Czoheteroaryl. or Cz-Caheteroaryl which is substituted by G, or 
R^^ and R^^form a ring, especially a five- or six-membered ring, and 
D and E are as defined above. 



1 0 If R« and R2«»together form a group of formula =CR^«R^*", T is preferably a group of formula 




, wherein R^°^ and R^"' are Independently of each other C,- 
Ciaallcyl. Ci-Cioalkoxy, Ce-Coaryl. Ce-Cioaryfoxy. or dl(Ci.Ci8alkyl)amino. wherein the aryl 
aryloxy groups optionally can be substituted by Ci-Caalkyl (cf. US-B-6,512.083). 

1 6 Preferred examples of T are selected from groups of fomiula 



or 




r" 




R'' R^' r" 






I or 



, wherein 
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R" and R^^ are independently of each other H. C1-C18 alkyi, such as methyl, ethyl, n-propyl, 
!so-propyj. n-butyl, Isobufyl. sec-butyl, t-butyl. 2-methylbut5^. n-pentyl. isopentyl. n-hexyl. 2- 
ethylhexyl. or n-heptyl. d-Cealkyl which is substituted by E and/or intenupted by D, such as 
-CH2OCH3. -CHaOCHaCHa. ^JHaOCHaCHaOCHa. or -CH2OCH2CH2OCH2CH3. CVC24aryl, 
5 such as phenyl, naphthyl. or biphenyl, Ce-Ca4aryl which is substituted by G. such as 

-C0H4OCH3. -C6H40CH2CH3, -C6H3(OCH3)2. Or-C8H3(OCH2CH3)2. -C6H4CH3, -C6H3(CH3>2. 

-C6H2(CH3)3, or -C6H4tBu, 

R^^ is H. Ci-CiealM. such as methyl, ethyl, n-propyl. iso-propyl, n-butyl, Isobutyl. sec-butyl, t- 
butyl. 2.methylbutyl. ns)entyl. isopentyl. n-hexyl, 2.6thylhexyl, n-heptyl. or Ce-Qa^aryi. such as 

1 0 phenyl, naphthyl. or biphenyl, and 

R'^ and R^" are independently H. Ci-Ctealkyl. such as n-butyl. sec-butyl, hexyl, octyl, or2- 
elhyl-hexyl. Ci-Ci8alkyl which is substituted by E and/or inte^^lpted by D, such as 
-CH2(OCH2CH2)«OCH3. w = 1, 2. 3. or 4, Ce-Ca^aryl. such as phenyl, naphthyl . or biphenyl, 
C8-C24aryl which Is substituted by G. such as -C6H4OCH3, -C6H4OCH2CH3, -C6H3(OCH3)2. 

1 5 -C6H3{OCH2CH3)2. -C6H4CH3. -C6H3{CH3)2. -C6H2{CH3)3. or -C6H4tBu, or and together 
form a 4 to 8 membered ring, especially a 5 or 6 membered ring, such as cyclohexyl. or 
cydopentyl. 

Particularly preferred are co-monomers T. which are selected from the group consisting of 
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R'* and are independently of each other Ci<:,ealkyl. especially C4-Ci2alkyl, which can be 
tntemipted by one or two oxygen atoms, 
R^^ Is Ci-Ci8alkyl, and 

R'^ and r2o are independenUy of each other Ci^iealkyl, especially C4-Cttalkyl. which can be 
interrupted by one or two oxygen atoms, or 

R^^ and r2° form a five or six membered carbocydlc ring, which optionally can be substituted 
byCrC4alkyl. 



10 



16 



20 



25 



Especially prefened are polymers, comprising a repeating unit of the formula 



A»'\ 








and/or « « . and a co-monomer T in an 

amount of 0 to 99.5 mol%. especially In an amount of 40 to 80 mol%. wherein the sum of the 
repeating unlt(8) and the co-monomer Is 100 mol%, wherein 

A' is hydrogen, or C,-C,ealkyl, such as methyl, ethyl, n-propyl, iso-propyl. n-butyl, isobutyl, 
sec-butyl, t-bulyl, 2-methyibulyl. n-pentyl. isopentyl. n-hexyl, 2-ethylhexyl, or n-heptyl, 
A* Is hydrogen, or C,-Caalkyl. such as methyl, ethyl, n-propyl. iso-propyl. n-butyl. isobutyl, 
sec-butyl, t-butyl. 2-methylbutyl. n-pentyl. Isopentyl. n-hexyl, 2-ethylh0xyl, or n-heptyl. 
A' is hydrogen, or Ci-C,salkoxy, or C-Csalkyl. such as methyl, ethyl, n-propyl, iso-propyl, n- 
butyl. isobutyl. sec-butyl, t-butyl, 2-methylbutyl. n-pentyl. isopentyl, n-hexyl. 2-ethylhexyl. or 
n-heptyl. 

A* Is hydoDgen, or C-Cealkyl, such as methyl, ethyl, n-propyl, Iso-propyl. n-butyl. Isobutyl. 
sec^utyl, t-butyl, 2-methylbutyl, n-pentyl, Isopentyl. n-hexyl, 2-ethylhexyl, or n-heptyl, 
A' is hydrogen. C-Cealkyl. such as methyl, ethyl, n-propyl. iso-propyl. n-butyl. isobutyl, sec- 
butyl, t-butyl. 2.methylbutyl, n-pentyl. teopenfyl. n-hexyl. 2-ethylhexyl. or n-heptyl, di{C,- 
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Ciealkyi)amlno. or Ci-C«alko?ar. such as methoxy, ethoxy. n-propoxy. iso-propoxy. n-buloxy. 
Isobutoxy, sec-butoxy. t-butoxy. 2^8thylbutoxy, n-pentoxy. isopentoxy. n-hexoxy. 2- 
ethylhexoxy, or n-heptoxy, 

A" is hydrogen, or C-Csalkyl. such as methyl, ethyl, n-propyl. iso-propyl. n-butyl. isobutyl. 
seo-bulyl. t-butyl. 2-methylbutyl. n-pentyl. isopenlyl. n-hexyl, 2-ethylh8xyl. or n-heptyl. 
A' Is hydrogen. C,-C,ealkyl, such as methyl, ethyl, n-propyl. iso-propyl. n*utyl. Isobutyl. seo- 
butyl, t-butyl. 2-niethylbutyl. n-pentyl. isopentyl. n-hexyl. 2-ethylhexyl. or n-heptyl, or C,- 
C„alkoxy. such as methoxy, ethoxy. n-propo;qr. iso-propoxy. n-butoxy. Isobutoxy. seo- 
butoxy. t-butoxy, 2-methylbutoxy, ^pentoxy. Isopentoxy, n-hexoxy. 2.ethylhexoxy. or n- 
heptoxy, and 



T Is a group of formula 




, wherein s is one or two. 



R^' and R" are independently of each other C,-C,aalkyl. especially C«-C„alkyl, especially 
hexyl, heptyl, a-elhylhexyl. and octyl. which can be intenupted by one or two oxygen atoms. 
Ci-Cisalkoxy. especially C4-Ci2alkoxy, especially hexyloxy. heplyloxy. 2-ethylhexyloxy. and' 
octyloxy. which can be interrupted by one or two oxygen atoms, 
and R» and R* are Independently of each other C,-Cisalkyl. especially C4-C«alkyl. 
especially hexyl. heptyl. 2-ethylhexyl. and octyl, which can be intemjpted by one or two 
oxygen atoms. 

In another aspect, the polymks of the present Invention comprise repeating units of fbnnula 
II. Examples of repeating units of the Ibnnula II are 




Ar^ 



(lla), especialiy 




Otc). 



i* 



(lid). 
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Y {"O.or Af" dig) 

wherein Ai^ is as defined above, 

and are Independently of each other H, halogen. SO3-, Ci.CiBalkyl. Ci-CisalkyI which is 
substituted by E and/or interrupted by D. C-Cwperfluoroalkyl. Ce-C^aryl. Ce-C^aryl which is 
substituted by G. Cz-Czoheteraaryl, Cz-Csoheteroaryl which is substituted by G. Cz-Cieallcenyl, 
Ca-Ciaaikynyl. Ci-C,8alkoxy. Ci-Ciealkoxy which Is substituted by E and/or interrupted by D. 
Cr-CasaralkyI, or -CO-R^, 





or two substituents R^ and R^, which are adjacent to each other, are a group . or 



10 D is -CO-; -COO-; -S-; -SO-; -SO2-; -0-; -NR^s.; -SiR^^R^i.; -POR^^.; ^r23=cr^.; or -teC-; 
and 

E is -OR»; -SR»: -NR^Sr*; ^r2b, ^qOR^; ^ONR«R«; -CN; -OCOOR^; or halogen; G 
is E, or Ci-Cisalkyl, wherein 

R^. ¥e\ r25 and R^ are independenUy of each other H; Ce-CiBaryl; Ce-Cisaryl which is 
1 5 substituted by Ci-Ci8alkyl. Ci-Ciaalkoxy; Ci-Cisalkyl; or Ci-Cisalkyl which is intemipted by - 
0-; or 




— N 

R^ and R^together form a five or six membered ring, in particular ^ 
^ .or o , 

R^ and R» are independently of each other H; Ce-Cisary!; Ce-Cisaryl which is substituted by 
20 Ci-Cisalkyl, or Ci-Oiaalkoxy; Ci-CisalkyI; or Ci-C,salkyl which is interrupted by -0-, 

R^ is H; Cs-Ciearyl; Cs-Cisaryl. which is substituted by Ci-Ciaalkyl. or Ci^isalkoxy; C,- 
Cisalkyl; or Ci-CisalkyI which is intermpted by-O-. 
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R» and are Independently of each other C^^alkyl. Ce^^eaiyl. or Ce-C«aryl, which is 
substituted by Ci.Ciaalkyl. and 

is Ci-CiealkyI, CVC„aryl. or CB^^aaryl. which is substituted by C-CiaaJkyl. 

5 Repeating units of fomiula (lie). (HQ. and (llg) are most preferred. 

Preferably. R^ and R^ are Independently of each other H, Ci^aalkyl. such as as methyl 
ethyl, n-propyl. iso-propyl. n-butyl, isobutyl. orsec^butyl. or Ca<:^aryl, such as phenyl, ' 
naphthyl, or biphenyl. 

10 

D Is preferably -CO-. -COO-, -SO-. -SO.-. -0-. -NR- . wherein R- is C.^,,alkyl. such as 
methyl, ethyl, n^propyl. iso-pn^pyl. n-butyl. isobutyl. or sec-butyl, or C6-Ca4aryl. such as 
phenyl, naphthyl. or biphenyl. 

^Jl'^'^'^f -SR": -COR- -COOR-; -CONR-R«: or <:N: wherein R- 

R .R»andR are independently of each other C,-C,8alkyl. such as methyl, ethyl, n-propyl 
•so-propyl. n-twtyl. Isobutyl. secbutyl. hexyl. ootyt. or 2-elhyW,exyl. or aryl, such as 
phenyl, naphthyl, or biphenyl. G is E. or C,-C„alkyl. such as methyl, ethyl, n-propyl. Iso- 
propyl, n-butyl. isobutyl. sec-bu^. hexyl. oc^. or 2-ethyl-hexjrt 

20 

Ai* is preferably a group of fonmula 





,or ^ 
p is an integer from 1 to 10, especially 1 , 2 or 3. 
25 q is an Integer from 1 to 1 0, especially 1 . 2 or 3. 
r Is an Integer of 0 to 10. in particular 0, 1. 2 or 3, 




. wherein 
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to R» are independently of each other H. halogen, SO3-. C,^«alkyl. Ci-Ciaalkyl which is 
substituted by E and/or interrupted by D. Ce-C^aryl. QrC24aryl which is substituted by G. 
Caheteroaryl. CVC^oheteroaryl which Is substituted by G, CVCiBailcenyl. (VCsalicynyl. C,- 
Cieaikoxy. Ci-Ci8aIlcoxy which is substituted by E and/or Intemjpted by D, CrCUarallcyl or - 
5 or 



two substituents R^ to R», which are adjacent to each other, are a group . or 



. and 

R^^- and R^^ are Independentty of each other H, Ci-Ciaallcyl. CrCiBalkyI which is substituted 
by E and/or intermpted by D. CB-C24aryl. C6-Ca4aryl which is substituted by G. C2- 
1 0 Caheteroaryl. or C2-C2oheleroaryl which is substituted by G. 

R'^ is Ci-CiealkyI, Ci-Ci8all«yl which is substituted by E and/or interrupted by D. Ce-C24aryl. 
which optionally can be substituted, wherein 

D is -COO-; -S-; ^O-; -SO2-; -NR^.; -SiR^RSi.; -POR^-; ^JR^^^JR^^; or -&C-; 
and 

15 E is -OR^; -SR^; -NR^R^^; -COR^; ^qOR^; ^0NR«R»; -CN; OCOOR^; or halogen; G 
is E, or Ci-CiaalkyI, wherein 

R^. R« R2s and are independently of each other H; Ce-Ciaaiyl; Ca-daaryl which is 
substituted by Ci-Ceallqrf. Ci-C,Ballcoxy; C-Cisallcyl: or Ci-deallcyl which is interrupted by- 
O.; or 



— N 



20 R25 and R^ together fomri a five or six membered ring, in particular O 
o 





R andR are independently of each other H; Ce-Ciearyl; C6-C«aryl which is substituted by 
Ci-Ceallcyl. or Ci-C«alkoxy; Ci-CiealkyI; or Ci-Ciaalky! which is intenupted by -0-, 
R^ Is H; Ce^isaryl; Ce-C,8aryl. which is substituted by Ci-Ciealkyi. Ci-C„aIkoxy; Ct<J„alkyI; 
25 or Ct-Cisa!kyl which is Interrupted by -0-. 
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R* and R*" are Independently of each other Ci-C«alkyl. C8^,,aiyl. or Ca^eaiyl. which is 
substituted by Ci-Cwallcy!, and 

R* Is Ci-Cwalkyl. CrCisaryl, or CVCisai^, which is substituted by Ci-Cgalkyl. 

Preferably. R» R*. R". R*. r» and R* are independently of each other H. Ci-C„ alkyl. such as 
methyl, ethyl, n-propyl. iso-propyl. n-butyl. Isobutyl. sec-butyl, t-butyl. 2-melhylbutyl. n-pentyl. 
isopentyl. n-hexyl. 2-ethylhexyl. or n-heptyl. Ci-C,Balkyl which is substituted by E and/or 
interrupted by D. such as -C^jOCHa. -CHjOCHjCHa. -CH2OCH2CH2OCH3. or 
-CHzOCH^CHjOCHzCHa. CrC^aryl. such as phenyl, naphthyl. or biphenyl. Ce^aryl which 
Is substituted by G. such as -CgH^OCHj, -CsH^OCHjCH,. -CeH3(OCH3)i, or 
-C8H3(C3CHjCH3fe. -CeHiCHa. -C»H3{CH,)2. -C6Ha{CH3)3. or -CeHitBu. 

Preferably. R'* and R'^- are independently of each other H. Ci-C,8alkyl. such as as methyl, 
ethyl, n-propyl, iso-propyl. n-butyl. isobutyl. and secbutyl. or tVCwaryl. such as phenyl. 
1 5 naphthyl. and biphenyl. 

R'« is preferably H, C-Cisailcyl, such as as methyl, ethyl, n-propyi, iso-propyl, n-butyl, 
isobutyl. and sec-butyl, or Ce-Caaryl. such as phenyl, naphthyl, and biphenyl. 

20 D is preferably -CO-, -COO-, -S-. -SO-. -SCV. -0-. -NR«-. wherein R= is Ci-C„ alkyl, such 
as methyl, ethyl, n-propyi. iso-propyl. n-butyl, Isobutyl. set>butyl. t-butyl. hexyl, ootyl. and 2- 
ethyl-hexyl. orCs-C^aiyl. such as phenyl, naphthyl. and biphenyl. 

E preferably -OR», -SR». .NR«R»=. -COR'». -COOR^. -CONR»R=«. or -CN. wherein R''. 
25 R". R» and R»« are independently of each other Ci-C,8 aikyl. such as methyl, ethyl, n-propyi. 
iso-propyl. n-butyl, isobu^, seo-butyl, hexyl, octyl, 2-ethyl-hexyi, or Ce-C^ aryl. such as 
phenyl, naphthyl, and biphenyl. G Is E. or C,-Cs alkyl. such as methyl, ethyl, n-propyl. iso- 
propyl. n-butyl, isobutyl. seo-butyl. hexyl. octyl. 2-ethyl-hexyl. 

30 Anotheraspectofthepresentinvention.isdirectedtopolymers, comprising repeating units 
of the formula 
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(III), wherein 

Ai^ and Ar® are independently of each other an aryl group, or a heteroaryl group, which can 
optionally be substituted, especially a Ce-Caoaryl group, or a Cz-Caaheteroaiyl group, which 
can optionally be substituted. 




The repeating unit of formula ill is not a repeating unit of formula ^— ^ , especially 
Ar^ is not a phenyl group substituted by a hydroxy group in ortho position to the bonding to 
the benzotriazole unit 




wherein A«, A=. A». A« A« A^ A^^ . A«, A«. A"and A«are independently of each 
other H, halogen. SO3". C-CiealkyI, Ci-Ci8alkyl which Is substituted by E and/or Interrupted 
by D. CrCeperfluoroalkyl. C6-Ca4aryl, Cs-CjAaryl which is subsUtuted by G. Cz-Csoheteroaryl, 
C2-C2oheteroaryl which is substituted by G, Cz-Cisalkenyl. C^-dsalkynyl, Ci-Giealkoxy. Ci- 
Ciaalkoxy which is subsUtuted by E and/or Interrupted by D, CT-CaaralkyI, or -CO-R^, 
wherein E, D, G and are defined as above, or two groups A", A^^, A^^ A***- , A^*, A^^. A" 
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10 



15 



20 



f A^^ A^ 

A nr A'^ A^ 



and which are neighbouring to each other, are a group A^ ^ 
wherein A^. A^. A=^. A». A» and A^^are IndependenUy of each ot^er H. halogen. SO3-. 
Ci-Ciealkyl. Ci-Ci8a!kyl which is substituted by E and/or intenupted by D, 
Ci-Cieperfluoroalkyl, Ce-C24aryl. C6-C24aryl which is substituted by G, QrCaoheteroaryi, C2- 
Caheteroaryl which Is subsUtuted by G. C2-C,ealkenyl, C^-Ciealkynyl, Ci^iaalkoxy, 
Ciaalkoxy which is substituted by E and/or interrupted by D, Cr-Czsaralkyl, or -CO-R^a 



Examples of Ar^ are groups of formula 



-0 



; especially 






.or 



; wherein the dotted line represent the bond to the Ijenzotrlazole ring; 
R" and are independently of each other H; C,-C,,am C,-C,8alkyl which is substituted 
by E and/or intenrupted by D; Cs^aiyl; Ce-Q»aiyl which is substituted by G; Cj- 
C2oheteroaryl; Cj^^aheteroaryl which is subsUtuted by G; <VCieaikenyl; C2-C«allqmyl; C,- 
Cwalkoxy; C-Cwalltoxy which is substituted by E and/or intenupted by D; or Cr-Casaralkyl: 
Fl" is H; Ci-C,ealkyl; C,-CiBallcyi which Is substituted by E and/or interrupted by D; Cs- 
C24aryl; or Cr-Czsaralltyl; 

and are independently of each other H; C,.C« allcyl; C,-C«alkyl which is substituted 
by E and/or Interrupted by D; Ce-Caaryi; QrC«aryl which is substituted by G; C2- 
Czohetenjaiyl; Cj^heteroaiyl which is substituted by 6; CrCiaalkenyl; C2^«alkynyl; C,- 
Csalkoxy; Ci-C,ealkoxy which is substituted by E and/or Interrupted by D; or CrCjsaialkyl; 
R^' is H, Ci-Cealkyl, -CsN, -CONR^R'^ or OOOR=^, 

D is -CO-: -C0O-; -OCOO-; -S-; -SO-; -SO^ -0-; -NR^-; -SiR^'R^'-; -POR«-; -CR=«=CR«.: 
or-CeC-; and 
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E 18 ^R»; -SR^; -NR^R^; ^OR^; -COOR^; ^^ONR^^R^; -CN; ^COOR^; or halogen; G 
Is E, or Ci-Cisalkyt. wherein 

r23, r24. r25 p^2B indepsndenUy of each other H; Ce-Ciaaryl; Ce-C,8aryl which is 
substituted by Ci-Ciaallqrt; Ci-Cieallcoxy; CrCiBallqrl; or Ci-CiBaIlcyl which Is Interrupted by - 
0-;or 



R^ and R^ together form a five or six membered ring, in particular 





I or 

R*^ and r2» are Independently of each other H; Ce-Ciaaiyl; Ce-Ciaaryl which Is substituted by 
Ci<:ieaikyl. or Ci-Ciaalkoxy; C^aalkyl; or Ci-CisalkyI which Is Interrupted by -0-, and 
10 R^ Is H; Cg-Ciearyl; Ce-Ciearyl which is substituted by Ci-Ci8all«yl, Ci-Ciaaiicoxy; Ci-CiaallQrl; 
or Ci-Ciealkyl which is interrupted by-O-, 

R* and r3^ are IndependenOy of each other Ci-Ciaalkyl, Ca-daaryl, or Ca-Ciaaryl, which is 
substituted by Ci-Ciaalkyl. and 

R^ Is Ci-CiaalkyI, Ce-Ciaaryl, or Ce-Ciaaiyl, which is substituted by Ci-Cieallcyl. 

15 




25 



Most prefeoed. Ai* Is a group of the formula * , wherein the dotted line represent the 
bond to the benzotriazole ring and R^^ is H, alkyl. -C=N, or -COOR^. wherein R^ is H. or d- 
Ciaalkyl. which optionally can be intermpted by one or more oxygen atoms, especially C4- 
Ci2alkyl, which can be interrupted by one or two oxygen atoms. 

The polymer of the present invention comprise the repeaUng unit of the formula 11 and/or III In 
an amount of from 0.5 mol% to 100 mol%, especially in an amount of from 20 mol% to 80 
mol%, wherein the sum of all repeating units (monomers) is 100 moI%. Accordingly, the. 
polymers of the present invention can comprise besides the repeating unit of the formula II 
and/or 111 additional repeating units In an amount of up to 99.5 mol%, especially In an amount 
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of from 80 moI% to 40 mol%. SuHable additional repeaUng units are the repeaUng units T 
described for the polymers comprising repeating units of the formula I. 

As stated above among the repeating units of the formula IV, repeating units of the formula 

-HH-' 

(IVa). and (iVb). are preferred 





against repeating units of the formula (I Vc), wherein 

Ar', Ar'', Ar" and Ar^ are independently of each other a CB-Cgoaryl group, or a Cg- 

Q26heteroaryl group, which can optionally be substituted. 



10 



and are independently ofeach other a group of the formula 



p6a 

I 



' ; especially ' 



,or 
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R 




, wherein the dotted line represent 
the bond to the benzotriazole unit, 

and are independently of each other H. Ci-Ci8alkyl. Ci-CiealkyI which is substituted 
by E and/or Intenrupted by D, C6-C24aryl, C^C24aryl which is substituted by G, Cir 
5 Caoheteroaryl. Qz-CMheteroaryl which is substituted by G. Qz-CiBaikenyl, CsrCwalkynyl, Ci- 
Ciaalkoxy, Ci-Ciealkoxy which is substituted by E and/or interrupted by D, or C7-C2saralkyl, 
R^ is H, Ci-Ctsalkyl. Ci-CiaalkyI which Is substituted by E and/or interrupted by D, Ce- 
Qztaryl. or Cr-Casaralkyl. 

R® and R^ are independently of each other H, Ci-Cia alkyi, Ci-C,ealkyl which Is substituted 
10 by E and/or interrupted by D, C6-C24aryl. Ce-CzAaryl which Is substituted by G, Oz- 

C2Dheteroaryl, C2-C2oheteroaryl which is substituted by G, Cz-Cisalkenyl. Cz-Ciealkynyl, Ci- 

Ciealkoxy, Ci-Ciaalkoxy which is substituted by E and/or interrupted by D, or GrCzsaralkyI, or 

R® and R®*form a ring, especially a five- or six-membered ring, 

R^^ is H. Ci-Ci8alky!, -C«N, -CONR^R^^or -COOR^. 
15 D is -CO-; -COO-; -OCOO-; -S-; -SOs -SO2-; -0-; -NR^^-; -SIR^R^^; -POR^-; -CR^^^CR^^'*-; 

or-C^C-;and 

E is -OR^; -SR2«; -NR^^R^^; -G0R»; ^OOR^; -CONR^R*; -CN; -OCOOR^'; or halogen; G 
is E, or Ci-CiBaIkyl, wherein 

R^, R^. r25 and R^ are Independently of each other H; Cs-Ciearyl; Ce-C,aaryl which is 
20 substituted by Ci-Ciealkyl. Ci-Ciealkoxy; Ci-Ci8alkyl; or Ci-CiBalkyf which Is Interrupted by - 
0-;or 



o 




R^ and R^together form a five or six membered ring. In partk^tar 

-n; I -J 

» or 

R^ and R^^ are independently of each other H; Ce-dsaryl; Ce-daaiyl which is substituted by 
25 Cn-Ciaalkyl. or rdaalkoxy; Crdaalkyl; or d-Ciaalkyl which is Interaipted by -0-. and 
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is H; Ce-Cieaiyr; Ce-Ciearyl which is substituted by Ci-C,6alkyli Ci-C,ealkoxy; Ci-Cieall«yl; 
or Ci-Ci8a!kyl which is intenupted by-O-, 

and R^^ are independently of each other Ci-Ciaallcyl. Ce-Cisaryl. or CrC,earyf, which Is 
substituted by Ci-Ciaallcyl, and 

R'^ is Ci-CiBalfcyl, Ce-Cisaryt, or C^Cisaryl. which is substituted by Crdaalkyl. 

Preferably, R^^ and R^ are independently of each other H, d-Csall^l. such as methyl, ethyl, 
n-propyl, iso-propyl. n-butyl, isobulyl, sec-butyl, t-butyi, 2-methylbutyl, n-pentyl. isopentyl. n- ' 
hexyl. 2-elhylhexyl. and n-heptyl. Ct-Cisalkyl. which Is substituted by E and/or interrupted by 
D, such as -CH2OCH3, -CH20CH2CH3.-CHaOCH2CH20CH3. and -CHgOCH^CHzOCHaCHa. 
C6-C24aryl, such as phenyl, naphthyl. and biphenyl. or CB-C24aryl. which is substituted by g. 
such as -CBH4OCH3, -C6H4OCH2CH3. -CbH3{OCH3)2, -CeH3{OCH2CH3>2, -C6H4CH3. 
.C6H3{CH3)2. -C6H2{CH3)3. and -C6H4tBu. 



15 R is preferably H, CrCiaallcyl. such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, Isobutyl. 
sec-butyl, t-butyl, 2-methyIbutyl. n-pentyl, isopentyl. n-hexyl. 2-ethylhexyl. and n4ieptyl. or 
Ce-Czaaryt, such as phenyl, naphthyl, and biphenyl. 

Preferably, R=^ and R« are independently of each other H. Ci-Ciaalkyl, such as n-butyl, sec- 
20 butyl, hexyl, octyl. and 2-ethyl-hexyl. Ci-C«alkyl which is substituted by E and/or intenupted 

by D. such as -CH^COCHaCH^IwOCH,. w=1, 2, 3. or 4. C^^^aiyl. such as phenyl, naphthyl. 

and biphenyl, Cg-Ca^ aiyl which is substituted by G, such as -C6H4OCH3, -C6H4OCH2CH3. 

-C6H3(OCH3)2. -CeH3(OCH2CH3)2. -C8H4CH3, -C8H3(CH3)2. -C6H2(CH3)3. and -C6H4tBu, or R^ 

and R" together form a 4 to 6 membered ring, preferably a 6 or 6 membered ring, such as 
25 cyclohexyl, and cydopentyl. 

R^^ is preferably H, -CONR«R«or -CN, wherein R^ is H. Ci-Cia alkyl. or Ce-C24 aiyl. such 
as phenyl, naphthyl, and biphenyl. 



Most preferred are polymere. comprising a repeating unit of the formula 




(IVa), 
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a^o/or (I Vb), and a repeating unit T in an amount of 0 to 99.5 mol%, especially 

in an amount of 40 to 80 mol%, wherein tlie sum of tlie repeating unit(s) and the co- 
monomer is 100 mol%, wherein 



Ar'is 



6 6 ^oXx^ CO 



I , or 



Ai^is 



wherein the dotted line is the bond to the nitrogen atom of the benzotriazole unit, 

— O A^' A^2 \^ 

» » I I 

y^teA*-0 A^\ A« A«--d^\-/^o, 

Wherein the dotted lines are the bonds to the nitrogen atoms of the benzotriazole unit, 
1 0 A*' is hydrogen. Cn-Ciaall^oxy, or Ci-CisalkyI, such as methyl, ethyl, n-propyl. Iso-propyl, n- 
butyl, Isobulyl, sec-butyl, t-butyl, 2-methylbutyl, n-pentyl, isopentyl. n-hexyl. 2-ethylhexyI, or 
n-heptyt. 

A^^is hydrogen, or Ci-CiaalkyI, such as methyl, ethyl, n-propyl, iso-propyl. n-butyl. Isobutyl, 
sec-butyl, t-butyl, 2.methylbutyl, n-pentyl, isopentyl. n-hexyl. 2-ethylhexyl. or n-heptyl, 
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A^is hydrogen, or Ci-Cisalkoxy. or Ci-CiBaIkyl. such as methyl, ethyl, n-propyl, iso-piopyl. n- 
butyl, Isobutyl. seo-butyl. t-butyl. 2-m8thylbutyI, n-pentyl. isopen^, n-hexyl, 2^hylhexyl. or 
n-heptyl, 



and X* are independently of each other a group of the formula 





.or 



, wherein the dotted line represent the bond to the benzofriazole unit, 
R^^ is H, Ci-C,8allcyl, -CsN, or -COOR^. wherein 

R^ is H; or Ci-C,8aikyl. which can be interrupted by one or more oxygen atoms, especially 
C4-Ci2alkyl, which can be interrupted by one or two oxygen atoms, and 





T is a group of formula , or 

10 wherein R^^ and are independently of each other Ci-Ciaalkyl. especially C4-Ci2alkyl, 
which can be Intemjpted by one or two oxygen atoms. 

The polymers of this invention preferably have a weight average molecular weight of 50,000 
Daltons or greater, more preferably 100.000 Daltons or greater, and most preferably 150,000 
1 5 Daltons or greaten preferably 1 ,000.000 Daltons or less, more preferably 500,000 Daltons or 
less and most preferably 250.000 Daltons or less. Molecular weights are determined 
according to gel permeation chromatography using polystyrene standards. 

A further embodiment of the present Invention is represented by the monomers of the 
20 formula 




(VI). or 
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(VIM), wherein 



X and y are 0 or 1, 

At\ At^, Ar^, Ar^, Ar^, and Ar^ are Independently of each other an aryl group, or a heteroaryl 
group, which optionally can be substituted, especially a Ce-Caoaryl group, or a Cr 
5 Caeheteroaryl group, which can optionally be substituted, and 

X^^ is Independently In each occurrence a halogen atom, or -B(OH)2. -B(OY^)2 or 

, wherein is independently in each occurrence a Ci-Cioaikyl group and is 
independently in each occurrence a Ca-Cioalkyiene group, such as -CYV*-CY®Y®-, or - 
CYV-CY«Y^°. CY^VK wherein Y^ Y^. Y^. Y«, Y^ Y«. Y«, Y^°. Y^^ and Y^^are Independently 
1 0 of each other hydrogen, or a Ci-Cioalkyl group, especially -C(CH3)2C<CH3)2-, or 

-C{CH3)2CH2C(CH3)2-. which are starting materials in the preparation of the polymers of 
formula I to IV. 

Halc^en is fluorine, chlorine, bromine and Iodine. 

15 

Ci-CisalkyI is a branched or unbranched radical such as for example methyl, ethyl, propyl, 
Isopropyl, n-butyl, sec-butyl, Isobutyl, tert-butyl, 2-ethyIbutyl, n-pentyl, isopentyl, 1- 
methylpentyl, 1,3-dlmethylbutyl, n-hexyl, 1-methylhexyI, n-heptyl, Isoheptyl, 1,1.3,3- 
tetramethylbutyl, 1-methyiheptyl, S-methyiheptyl, n-oclyl, 2-ethylhexyl. 1,1,3-trimethyIhexyl. 
20 1,1,3,3-tetramethyIpentyl. nonyl, decyl, undecyl. 1-methylundecyl. dodecyl, 1,1,3,3,5,5- 
hexamethylhexyl. tridecyl, tetradecyl, pentadecyl, hexadecyl. heptadecyl, or octadecyl. 

Ci-CisperfluoroalkyI is a branched or unbranched radical such as for example -CF3, 
-CF2CF3. -CF2CF2CF3. "CF(CF3)2. -(CF2)3CF3, and .C(CF3)3. 

25 
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Ci-Cisalkoxy radicals are straight-chain or branched alkoxy radicals, e.g. methoxy. ethoxy, n- 
propoxy, Isopropoxy, n-butoxy. seo-butoxy, tert-butoxy. amyloxy, isoamyloxy or tert-amyloxy, 
heptyloxy. octyloxy. isooctyloxy, ncnyloxy, decyloxy. undecyloxy. dodecyloxy, tetradecyloxy, 
pentadecyloxy, hexadecyloxy, heptadecyloxy and octadecyloxy. 

5 

CrCiaalkenyl radicals are straight-chain or branched alkenyl radicals, such as e.g. vinyl, allyl, 
methallyl, isopropenyl, 2-butenyl, 3-butenyl. isobutenyl, n-penta-2,4-dienyl. 3-methyI-but-2- 
enyl, n-oct-2-enyl. n-dodec-2-enyl, isododecenyl. n-dodec-2-enyl or n-octadec-4-enyI. 

1 0 C2.24alkynyl is straight-chain or branched and preferably C2.6alkynyl. whteh may be 

unsubstituted or substituted, such as, for example, ethynyl, 1-propyn-3-yl. 1-butyn-4-yi, 
1-pentyn-5-yl.2-methyl-3-bulyn-2-yI. 1.4-pentadiyn-3-yI. 1.3-pentadiyn-5-yl. 1-hexyn-6-yl. 
cls-3-methyI-2i3enten-4-yn-1-y!, trans-3-methyl-2-penlen-4-yn-1.yl. 1,3-hexadiyn-5-yI, 
1-octyn-8-yl, 1-nonyn-9-yl, 1-de<^n-10-yl, or 1-tetracosyn-24>yl. 

15 

C4-C,8CydoaIkyl Is preferably Cs-Czcydoalkyl. such as, for example, cyclopentyl, cyclohexyl. 
cycloheplyl, cyclooclyl. cyclononyl, cydodecyl, cydododecyl. Cydohexyl and cydopentyl are 
most preferred. 



CrCiaalkenyl is for example vinyl, allyt, butenyl, pentenyl, hexenyl, heptenyl, oroctenyl. 

Aryl is usually Ce-Cxaryl, preferably CB-CsAaryl. which optionally can be substituted, such as, 
for example, phenyl, 4-methylphenyl. 4-methoxyphenyl, naphthyl, biphenylyl, 2^uorenyl. 
phenanthryl, anthryl, tetracyl, pentac^l. hexacyl. terphenylyl or quadphenylyl. 

C7-C24aralkyl radicals are preferably CT-CisaralkyI radicals, which may be substituted, such 
as, for example, benzyl. 2-benzyl-2-propyl. p-phenethyl, a,a-dlmethylbenzyl. co-phenyl-butyl. 
ca-phenyJ-odyl, ©-phenyt-dodecyl or 3-methyl-5-(1M\3*,3'-tetramethyl-butyl)-benzyl. 

Cz-Caeheteroaryl is a ring with five to seven ring atoms or a condensed rig system, wherein 
nitrogen, oxygen or sulfur are the possible hetero atoms, and is typically an unsaturated 
heterocydic radical with five to 30 atoms having at least six conjugated 7c-electrons such as 
thienyl, ben2o[b]thienyl. diben2o[b,d]thienyl. thianthrenyl. furyl, furfuryl, 2H-pyranyl, 
benzofuranyl. Isobenzofuranyl, dibenzofuranyl. phenoxylhienyl. pyrrolyl. imidazolyl, pyrazolyl, 
pyridyl, bipyridyl, triazinyl. pyrimidlnyl, pyrazlnyl. pyridazinyl. indolizinyl, isoindolyl. Indolyl. 
indazolyl, purinyl, quinolizinyl, chinolyl, Isochlnolyl, phthalazlnyl. naphthyridlnyl. chlnoxalinyl, 
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chinazolinyl, dnnollnyl, pteridinyl, carbazolyl. carbolinyl. benzotrlazolyl. benzoxazolyl, 
phenanlhridlnyl, acrldlnyl, perimidlnyl, phenanthrolinyl. phenazinyl, isothiazolyl, 
phenothiazinyl. isoxazolyl, furazanyl or phenoxazinyl, which can be unsubstituted or 
substituted. * 

Examples of a Hvo or sbc membered ring formed by and and R^ and R^, respectively 
are heterocycloalkanes or heterocycloalkenes having from 3 to 5 carbon atoms which can 
have one additional hetero atom selected from nitrogen, oxygen and sulfur, for example 



Possible substituents of the above-mentioned groups are Ci-CsalkyI, a hydroxyl group, a 
mercapto group, Ci-Cealkoxy, Ci-Csalkylthio. halogen, halo-Ci-CealkyI, a cyano group, an 
aldehyde group, a ketone group, a carboxyl group, an ester group, a carbamoyl group, an 
amino group, a nitro group or a silyl group. 

The term "haloalkyi" means groups given by partially or wholly substituting the 
above-mentioned alkyi group with halogen, such as frifluoramethyl etc. The "aldehyde group, 
ketone group, ester group, carbamoyl group and amino group" include those substituted by 
an Ci-Ci8alkyl group, a C4-Ci8cycloalkyl group, an Ce-Csoaryl group, an C7-C24aralkyl group 
or a heterocyclic group, wherein the alkyI group, the cydoalkyi group, the aryl group, the 
aralkyl group and the heterocyclic group may be unsubstituted or substituted. The term "sllyl 
group" means a group of formula -SiR^^R^°^R^°^, wherein R^*», R^» and R^^ are 
independently of each other a Ci-Cealkyl group, in particular a C1-C4 alkyI group, a Ce-Ca4aryl 
group or a C7-Ci2aralkylgroup, such as a trimethylsllyt group. 




, whfch can be part of a bicydic system, for 




If a substituent. such as, for example R«. R^ R» and R^. occurs more than one time In a 
group, It can be differont In each occurrence. 
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As described above, the aforementioned radicals may be subsUtuted by E and/or. If desired, 
interrupted by D. Interruptions are of course possible only In the case of radicals containing 
at least 2 carbon atoms connected to one another by single bonds; Ce-CiBaryl Is not 
interrupted; intenupted arylalltyl or alkylaryl contains the unit D In the alky! moiety. C,- 
5 CisalkyI substituted by one or more E and/or Interrupted by one or more units D Is. for 

example. (CHzCHzOjn-R*, where n is a number from the range 1-9 and RMs H or Ci-C,oalkyl 
or CrCioalkanoyI (e.g. CO-CH{C2H5)C4H9), CH2-CH(0R^).CH2-0-Ry where R^ is Ci-Ciaalkyl. 
C5-Ci2cycloaIkyl, phenyl, CT-CisphenylalkyI, and R^* embraces the same definitions as R^ or 
Is H; Ci-Cealkylene-COO-R^ e.g. CHaCOOR'. CH(CH3)COOR^ C(CH3)2COOR^ where R^ is 
1 0 H, Ci-Cisalkyl. (CH2CH20)i.9-R*, and R* embraces the definitions indicated above; 
CH2CH2-0-CO-CH=CH2; CH2CH(OH)CHrO-CO.C{CH3)=CH2. 

The polymers containing groups of formulas (I). (II). (Ill) and (IV) may be prepared by any 
suitable process, but are preferably prepared by the processes described below. The 
i 5 condensation reaction of an aromatic boronate and a bromide, commonly referred to as the 
"Suzuki reaction", Is tolerant of the presence of a variety of organic functional groups and as 
reported by N. Miyaua and A. Suzuki in Chemical Reviews. Vol. 95. pp. 457-2483 (1995). 
This reaction can be applied to preparing high molecular weight polymers and copolymers. 

20 To prepare polymers corresponding to formula (I). (II), (ill) or (IV). a dibromide corresponding 
to formula V. VI, VII, or VIII, or a mixture thereof is reacted with an equlmolar amount of 
diboronic acid or diboronate corresponding to formula V, VI. VII. or VIH. or a mixture thereof. 

preferably a co-monomer . wherein X^^ is independently in each occurrence a 

halogen atom, or -B(OH)2. -B(OY^)2 or "o" . wherein Is independently In each 
25 occurrence a Ci-CioaIkyl group and is Independently in each occurrence a Ca-Cioalkylene 
group, such as -CYV-CW.. or -CYV.CY«Y^°- CY''y'\ wherein Y^ Y*. Y^, Y«. Y^ Y«, 
Y®, Y^". Y^^ and Y"are Independently of each other hydrogen, or a Ci-Cioalkyl group, 
especially -C(CH3)2C(CH3)2-. or -C(CH3)2CH2C(CH3)2-. under the catalytic action of Pd and 
triphenylphosphine. The reaction is typically conducted at about 70 to 120 "C in an 
30 aromatic hydrocarbon solvent such as toluene. Other solvents such as dimethylformamide 
and tetrahydrofuran can also be used alone, or In mbctures with an aromatic hydrocarbon. An 
aqueous base, preferably sodium carbonate or bicarbonate, is used as the HBr scavenger. 
Depending on the reactivities of the reactanls. a polymerizaUon reaction may take 2 to 100 
hours. Organic bases, such as. for example, tetraalkylammonium hydroxide, and phase 
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transfer catalysts, such as, for exampleTBAB, can promote the activity of the boron (see, for 
example. Leadbeater & Marco; Ahgew. Chem. Ini Ed., 2003. 42. 1407 and references cited 
therein). Other variations of reaction conditions are given by T. I. Wallow and B. M. Novak In 
Journal of Organic Chemistry, Voi. 59. pp. 5034-5037 (1994); and M. Remmeis. M. Schulze. 
5 and G. Wegner in Macromolecular Rapid Communications. Vol. 1 7. pp. 239-252 (1996). 

An alternating copolymer results when a dibromlde corresponding to formula V, VI, VII, or 

X^H-T+X" 

VIII is reacted with a diboronate corresponding to formula , wherein X^^ is 

Independently in each occurrence -B(OH)2, -B(OY^)2 or , wherein Is 

1 0 independently in each occurrence a Ci-Cioallcyl group and is independently in each 
occumence a C2-Cioaikylene group, such as -CY^Y*-CY^^-, or -CY^Y®-CY^Y^°- CY" Y^^- 
wherein Y^ Y*. Y«, Y«, Y^ Y«, Y«, Y". Y^^ and Y^^are independenUy of each other hydrogen, 
or a Ci-C,oalkyl group, especially -C(CH3)2C(CH3)2-. or -C(CH3)2CH2C(CH3)2-. If desired, a 
monofonctional aryl halide or aryl boronate may be used as a chain-termlnator In such 
1 5 reactions, which will result in the fonmation of a terminal aryl group. 

Polymerization processes involving only dihalo-foncUonal reactants may be carried out using 
nickel coupling reactions. One such coupling reaction was described by Colon et al. In 
Journal of Polymer Science, Part A, Polymer Chemistry Edition, Vol. 28. p. 367 (1990). and 

20 by Colon et al. in Journal of Organic Chemistry, Vol. 51, p. 2627 (1986). The reaction is 
typically conducted in a polar aprotic solvent (e.g.. dimethylacetamide) with a catalytic 
amount of nickel salt, a substantial amount of triphenylphosphlne and a large excess of zinc 
dust. A variant of this process is described by loyda et al. In Bulletin of the Chemical Society 
of Japan. Vol. 63. p. 80 (1990) wherein an organo-soluble iodide was used as an accelerator. 

25 Another nickel-coupling reaction was disclosed by Yamamoto In Pn^gress in Polymer 
Science, Vol. 17. p. 1 153 (1992) wherein a mixture of dihaloaromatic compounds were 
treated with an excess amount of nickel (1 .5-cyclooctadiene) complex in an inert solvent. All 
nickel-coupling reactions when applied to reactanl mbctures of two or more aromatic dlhaiides 
yield essentially random copolymere. Such polymerization reactions may be terminated by 

30 the addition of small amounts of water to the polymerization reaction mixture, which will 
replace the terminal halogen groups with hydrogen groups. Alternatively, a monofonctional 
aryl halide may be used as a chain-terminator in such reactions, which will result in the 
formation of a terminal aryl group. 
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In one embodiment, the polymers of the Invention contain conjugated groups other than the 
benzotriazole groups described above. "Conjugated groupsT refer to moieUes containing 
double bonds, triple bonds and/or aromatic rings. Examples of such groups are the above 
mentioned oo-monomers T. The Incorporation of such groups into the polymer may be used 
5 to modily the light absorption, ionization potential, and/or electronic properties of the polymer. 
Such polymers may be prepared using the methods described above Incorporating at least 
one conjugated compound different from the benzotriazole compounds described above. 
Such conjugated compounds, hereinafter refened to as "comonomers", have functional 
groups which pennit them to copolymerlze with the benzotriazole compounds. For example, 

1 0 dihalo-funcUonal comonomers are preferably used in conjunction with dihaio^nctional 
benzotriazole compounds in nickel-coupling polymerizaUon reacbons; dihalo-functional 
comonomers are preferably used in conjunction with benzotriazole-diboronic acids or 
benzotriazole-diboronates; and conjugated comonomers bearing diboronic acid or diboronate 
functionalities are preferably used In conjunction with dihalobenzotriazoles. For the purpose 

15 of preparing polymers of the invention, more than one diboronic acid/diboronate and more 
than one dibromlde may be used in a Suzuki polymerization reaction so long as the total 
molar amount of diboronic acids/diboronates is essentially equivalent to the total amount of 
dibromides. 

20 Nickel-coupling polymerizations yield essentially random copolymers comprising 

benzotriazole group-oontaining units and units derived from other co-monomers, whHe 
Suzuki polymerizatfons yield alternating copolymers. 

It is possible to control the sequencing of the monomeric units In the resulting copolymer by 
25 controlling the order and composition of monomer feeds in the Suzuki reaction. For Instance, 
a high molecular weight copolymer comprising mainly large blocks of benzotriazole 
homopolymers connected to short blocks of alternating benzotriazole co-monomer oligomers 
may be made by first introducing into the reacUon reactants In the appropriate ratio to make 
the alternating benzotriazole-comonomer oligomers followed by the remainder of 
30 benzotriazole monomers so long as there is an overall balance of boronic and bromo groups. 

Usually the polymers of the present Invention comprise end moieties B\ wherein is 
hydrogen or an aryl motety which may optionally be substituted with a reactive group capable 
of undergoing chain extension or crosslinking, or a tri(Ci-Ci8)alkylsiloxy group. As used 
35 herein, a reactWe group capable of undergoing chain extension or crosslinking refers to any 
group whfeh Is capable of reacting with another of the same group or another group so as to 
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form a link to prepare oligomers or polymers. Preferably, such reactive group is a hydroxy, 
glyddyl ether, acrylate ester, methacrylate ester, ethenyl, ethynyl, maleimlde, nadlmlde, 
trifluorovlnyl ether moiety or a cydobutene moiety fused to the aromatic rfrig of 

5 The polymers of the present Invention, where are reactive groups as defined above, are 
capable of crossllnking to form solvent resistant, heat-resistant films at 100"C or more, more 
preferably at 150**C or more. Preferably, such crossllnking occurs at 350**C or less, more 
preferably 300^*0 or less and most preferably 250*^C or less. The crosslinkable polymers of 
the Invention are stable at 100'C or more and more preferably 150"C or more. "Stable" as 
1 0 used herein means that such polymers do not undergo crossllnking or polymerization 
reacUons at or below the stated temperatures. If a crosslinkable material Is desired, Is 
preferably a vinylphenyl, an ethynylphenyl, or4-(or3-)benzoQfclobutenyl radical. In another 
embodiment, E^ is selected from a group of phenolic derivatives of the formula -CeH4-0-Y, 
wherein Y is 




. If desired, the cross- 



linkable groups can be present in other parts of the polymer chain. For example, one of the 
substituents of the co-monomer T may be a crosslinkable group E\ 

The end-capping agent E^-X (E' is as defined above and X Is either CI or Br) Is Incorporated 
into the polymers of the present invention under the condition in which the resulUng polymere 
are substantially capped by the reactive group E^ The reactions usefiji for this purpose are 
the nickel-coupling and Suzuki reactions described above. The average degree of 
polymerization is controlled by the mole raUo of monomere to end-capping agent 

Depending on the process of preparation the polymers of the present Invention can be block 
copolymers, random copolymers, or alternating copolymers. 

Another aspect of this invention is related to polymer blends containing 1 to 99 percent of at 
least one benzotrlazole containing polymers of this InvenUon. The remainder 1 percent to 99 
percent of the blend is composed of one or more polymeric materials selected from among 
chain growth polymers such as polystyrene, polybutadiene, poly(methyI methacrylate), and 
poIy(ethylene oxide); step-growth polymers such as phenoxy resins, polycartjonates, 
polyamides. polyesters, polyurethanes. and polyimldes; and crosslinked polymere such as 
crossllnked epoxy resins, crosslinked phenolic resins, crosslinked acrylate resins, and 
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Methods of Polymer Cheoiistry. W. R. So«nson and T. W. Campbell. Second Blition 
interscience Publishe-s (1968). Also may be used in the blends a-e conjugated polymers 
such as poly(phenylene vinylene), substituted poly(ph6nylene vinylene)s, substituted 
. polyphenylenes and polythlophenes. Examples of these conjugated polymers aro given by 
Greenham and Friend In Solid State Physics. Vol. 49. pp. 1.149 (1995). 

Another aspect of the Invention Is the fflms fbnned fiom the polymers of the invention. Such 
films can be used in polymeric light^mttling diodes. Preferably, such films are used as 
emitting layers. These polymers may also be used as protective coatings for electronic 

devioesandasfluorescent coatings. The thickness ofthe coating or fflm is dependent u^^ 
the uibmate use. Generally, such thickness can be fiom 0.01 to 200 microns. In that 
embodiment wherein the coating is used as a fluorescent coating, the coating or film 
«i.ckness is from 50 to 200 microns. In that embodiment where the coatings are used as 
elertronlc protective layers, the thickness of the coaUng can be from 5 to 20 microns. In that 
embod.ment where the coatings aro used In a polymeric light-emlttlr« diode, the thickness of 

Z r T' ° ' """"" ^ P-'^o'- -CI 

defect-free fnms. Such films can be propared by means well known In the art including spin- 
coating, spray-ooating. dip^thg and roller^ing. Such coatings are prepared by a 
process comprising applying a composition to a substrate and exposing the applied 
composition to conditions such that a fHm is fomied. The condifions which fom, a film depend 
upon^e application technique. In a prefen«d embodiment, the composWon applied to thV 
substrate ccjnprises the benzotriazole polymers dissolved In a common organk: solvent 
Proferably. the solution contains from 0.1 to 10 weight percent of the polymers, ms 
composition is applied to the appropriate substrate by the desirad method and the solvent is 
allowed to evaporate. Residual solvent may be removed by vacuum and/or by heat After 
removal of the solvent, the coaUng is then exposed to the necessary conditions to euro the 
film tf needed, to prapare a film having high solvent and heat resistance. The films ara 
proferably substentially unifom, in thickness and substantially free of pinholes. In another 
embodiment, the polymers may be partiany cured. This is known as B-steging. 

A further embodiment of the present invention is directed to an optical device or a component 
therefore, comprising a substrate and a polymer according to the present invention. 

A device according to the present invention may be prepared in accoolance w«h the 
disclosure of WO99/48160. the contents of which are Incorporated by reference. Polymere 
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aooording to the present Invention may be present In the device as the sole light emitting 
polymer or as a component in a blend further comprising hole and/or electron transporting 
polymers. Alternatively, the device may comprise distinct layers of a polymer of the present 
Invention, a hole transporting polymer and/or an electron transporUng polymer. 

5 

In one embodiment the optical device comprises an electroluminescent device, which 
comprises at least 

(a) a reflective or transmissive anode 

(b) a reflective or transmissive cathode 

1 0 (c) an emissive layer comprising a polymer according to the present Invention located 
between the electrodes 
and optionally 

(d) a charge Injecting layer for Injecting positive charge cairiers, and 

(e) a charge injecting layer for injecting negative charge carriers. 

15 

The layer (d) may be a positive charge canier transport layer which is located between the 
light emissive layer (c) and an anode electrode layer, or may be an anode electrode layer. 
The layer (e) may be a negative charge carrier transport layer which is located between the 
light emissive layer (c) and a cathode electrode layer, or may be an cathode electrode layer. 
20 Optionally, an organic charge transport layer can be located between the light emissive layer 

(c) and one of the charge carrier injecting layers (d) and (e). 

The EL device emits light below 520 nm, especially between 380 nm and 520 nm. very 
especially between 400 nm and 490 nm. The EL device emits blue light. 

25 

The EL device has a NTSC coordinate of between about {0.10. 0.02) and about (0.25. 0.25), 
especially a NTSC coordinate of about (0.14. 0.08). 

It will be appreciated that the light emissive layer may be fomied from a blend or mixture of 
30 materials including one or more polymers according to the present invention, and optionally 
further different polymers. The further different polymers may be so-called hole transport 
polymers (i.e. to Improve the efficiency of hole transport to the light-emissive material) or * 
electron-transport polymers (I.e. to improve the efficiency of electron transport to the light- 
emissive material). Preferably, the blend or mixture would comprise at least 0.1 % by weight 
35 of a polymer according to the present invention, preferably from 0.2 to 50%. more preferably 
from 0.5 to 30% by weight. 
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The light-emitting layer can be comprised of a single material, but more commonly consists 
of a host material, i.e. the polymers of the present invention, doped with a guest compound 
or compounds, where light emission comes primarily from the dopant and can be of any 
color. The dopant is usually chosen firom highly fluorescent dyes, but phosphorescent 
compounds, e.g., transition metal complexes as described in WO 98/55561 , WO 00/18851 , 
WO 00/57676. and WO 00/70655 are also useful. The polymers of the present Invention may 
also be employed as dopants within other host materials. Dopants are typically coated as 
0.01 to 10% by weigh Into the host material. 

Host and emitting molecules known to be of use include, but are not limited to, ttiose 
disclosed in U.S. Pat. ISIos. 4.768.29; 5.141,671; 5.150.006; 5.151.629; 5.294.870; 
5.405.709; 6.464.922; 5.593.788; 5.645.948; 5.683.823; 5,755,999; 5,928.802; 5.935.720; 
5.935,721; and 6.020,078. 



An organic EL device typically consists of an organic film sandwiched between an anode and 
a cathode such that when a fonward bias is applied to the device, holes are Injected Into the 
organic film from the anode, and electrons are injected into the organic film from the cathode. 
The combination of a hole and an electron may give rise to an exciton. which may undergo 

20 radiative decay to the ground state by liberating a photon. In practloe the anode Is commonly 
a mixed oxide of tin and indium for its conductivity and transparency. The mixed oxide (ITO) 
is deposited on a transparent substrate such as glass or plastic so that the light emitted by 
the organic film may be observed. The organic film may be the composite of several 
individual layers each designed for a distinct function. Since holes are Injected from the 

25 anode, the layer next to the anode needs to have the functionality of transporUng holes. 
Similariy. the layer next to the cathode needs to have the functionality of transporting 
electrons. In many instances, the electron-{hole) transporting layer also acts as the emitting 
layer. In some instances one layer can perform the combined functions of hole and electron 
transport and light emission. The individual layers of the organic film may be ail polymeric in 

30 nature or combinations of films of polymers and films of small molecules deposited by 
thermal evaporation. It is preferred that the total thickness of the organic film be less than 
1000 nanometers (nm). It Is more preferred that the total thickness be less than 500 nm. It is 
most prefen-ed that the total thickness be less than 300 nm. It is preferred that the thickness 
of the active flight emitting) layer be less than 400 nanometers (nm). It is more preferred ttiat 

35 the thickness is in the range of from 40 to 160 nm. 
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The ITO-glass which serves as the substrate and the anode may be used for coating after 
the usual cleaning with detergent, organic soh/enls and UV-ozone treatment It may also be 
first coated with a thin layer of a conducting substance to facilitate hole injection. Such 
substances include copper phthalocyanine, polyaniline and poly(3,4-ethylenedloxy- 
5 thiophene) (PEDOT); the last two in their conductive forms by doping with a strong organic 
acid. e.g.. poly(styrenesulfon[c add). It is preferred that the thickness of this layer be 200 nm 
or less; it is more preferred that the thickness be 100 nm or less. 

In the cases where a hole-tiansporting layer Is used, the polymeric arylamines described in 
1 0 U.S. Pat. No. 5,728.801 , may be used. Other known hole-conducUng polymers, such as 

polyvinylcarbazole. may also be used. The resistance of this layer to erosion by the solution 
of the polymer film which is to be applied next is obviously critical to the successful 
fabricaUon of multi-layer devices. The thickness of this layer may be 500 nm or less, 
preferably 300 nm or less, most preferably 150 nm or less. 

15 

In the case where an electron-transporting layer is used, it may be applied either by thermal 
evaporation of low molecular weight materials or by solution coating of a polymer with a 
solvent that would not cause significant damage to the underiying film. 

20 Examples of low molecular weight materials include the metal complexes of 8- 

hydroxyquinoline (as described by Burrows et al. In Applied Physics Letters, Vol. 64. pp. 
2718-2720 (1994)). metallic complexes of 10-hydroxybenzo(h)quinoline (as described by 
Hamada et al. In Chemistry Letters, pp. 906-906 (1993)). 1.3.4-oxadla2oles (as described by 
Hamada et al. in Optoelectronics-Devices and Technologies. Vol. 7, pp. 83-93 (1992)). 1.3.4- 

25 triazoles (as described by Kido et al. in Chemistry Letters, pp. 47-48 (1996)). and 

dicarboximides of perylene (as described by Yoshlda et al. In Applied Physics Letters, Vol, 
69. pp. 734-736 (1996)). Further examples of low molecular weight materials are disclosed in 
the European patent applteation no. 03100972,3 , the content of whteh is incorporated herein 
by reference. 



30 



35 



Polymeric electron-transporting materials are exemplified by 1.3,4^xadlazole-containlng 
polymers (as described by Li et al. In Journal of Chemical Society, pp. 2211-2212 (1995), by 
Yang and Pei in Journal of Applied Physics. Vol 77. pp. 4807^09 (1995)), 1.3.4-triazole. 
containing polymers (as described by Strukelj et al. In Science, Vol. 267, pp. 1969-1972 
(1995)), qulnoxaline-containing polymers (as described by Yamamoto et al. in Japan Joumal 
of Applied Physics. Vol. 33. pp. L250.L253 (1994). O'Brien et al. In Synthetic Metals. Vol. 76. 
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pp. 105-108 (1996)). and cyano-PPV (as described by Weaver et al. in Thin Solid Fflms. Vol 
273. pp. 39^7 (1996». The thickness of this layer niay be 500 nm or less, preferably 300 nm 
or less, most preferably 150 nm or less. 

•n» cathode may be deposited either by thermal evaporatton or by sputtering and may 
consist of a number of layers. The thickness of the cathode material may be from 100 nm to 
10.000 nm. The prefeaed metals are calcium, barium, magnesium, indium. lithium fluoride 
(LiF). Caesiumfluoride (Csf). Ca(acac) and aluminum. Mixtures or alloys of these materials 
may also be used. 

In a preferred embodiment, the electroluminescent device comprises at least one hoie- 
transporting polymer film and a light-emitting polymer film comprised of the polymer of the 
Invention, arranged between an anode material and a cathode material such that under an 
applied voltage, holes are injected from the anode material into the hole-transporting polymer 
film and electrons are injected trom the cathode material into the light-emitBng polymer films 
vuhen the device Is fonrard biased, resulting in light emission liom the light^mitUng layer. 

In another preferred embodiment, layers of hole-transporting polymers are arranged so that 
the layer closest to the anode has the lower oxidation potential, with the adjacent layeis 
having progressively higher oxidation potentials. By these methods, electroluminescent 
devices having relatively high light output per unit voltage may be prepared. 

•me term "hole-transporting polymer film" as used herein refeis to a layer of a film of a 
polymer which when disposed between two electrodes to which a fieM is applied and holes 
are injected from the anode, pennits adequate transport of holes into the emitting polymer. 
Hole-transporting polymers are typically poly{3.4-ethyIenedioxy-thiophene) (PEDOT). 
PEDOT-PSS (PSS = poly(styrenosulfonks add). polyanHine (PANI) and polythiophenes. The 
term "light-emitting polymer film" as used herein refere to a layer of a film of a polymer whose 
exctted states can relax to the ground state by emitting photons, preferably corresponding to 
30 wavelengths in the visible range. The term "anode material" as used herein refere to a semi- 
transparent, or transparent, conducting film wiUi a work funcUon between 4.5 electron volte 
(eV) and 5.5 eV. Examples are gold, si^er. copper, aluminum. Indium, iron. zino. tin. 
chromium, titanium, vanadium, cobalt, nickel, lead, manganese, tungsten and the like. 
meteUfc alloys such as magnesium/copper. magnesium/sOver. magnesium/aluminum, 
aluminum/indium and Uie like, semlconductore such as Si. Ge. GaAs and the like, metallic 
oxides such as Indlum-tln-oxWo OJCn. ZnO and the like, metallic compounds, and 



20 



25 



35 



wo 2004/099285 



PCT/EP2004/050606 



41 

furthermore, eleclroconducting polymers such polyacetylene. polypyrrole, polyparaphenylene 
and the like. Oxides and mixed oxides of Indium and tin. and gold are preferred. Most 
preferred is ITO, especially ITO on glass or plastic as substrate. The term "cathode material" 
as used herein refers to a conducting film with a work funcUon between 2.5 eV and 4.5 eV. 
5 Examples are alkali metals, alkaline earth metals, group 1 3 elements, sflver, and copper as 
well as alloys or mixtures thereof such as sodium, lithium, potassium, calcium, barium, 
lithium fluoride (LIF), caesium fluoride (CsF). sodium-potassium alloy, magnesium, 
magnesium-silver alloy, magnesium-copper alloy, magnesium-aluminum alloy. magnesium- 
Indium alloy, aluminum, alumlnunvaluminum oxide alloy, aluminum-lithium alloy, indium. 

1 0 calcium, and materials exemplified in EP-A 499.011. such as electioconducting polymers 
e.g. polypyrrole, polythiophene. polyanOlne. polyacetylene etc. Preferably lithium, calcium, 
barium. CsF, UF. magnesium, indium, silver, aluminum, or blends and alloys of the above 
are used. In the case of using a metal or a metallic alloy as a material for an elec^de. the 
electrode can be fornied also by the vacuum deposition method. In the case of using a metal 

15 or a metallic alloy as a material forming an electrode, the electrode can be fonned, 
furthemiore, by the chemical plating method (see for example. Handbook of 
Electrochemistry, pp 383-387, Mazuren, 1985). 

As methods for forming said thin films, there are, for example, the vacuum deposiUon 
20 method, the spin-coating method, the casting method, the Langmuir-Blodgett ("LB") method, 
the Inkjet printing method and the like. Among these methods, the vacuum deposition 
method, the spin-coating method, the Inkjet printing method and the casting meUrad are 
parUculariy preferred in view of ease of operation and cost. 

25 In the case of fbmiing the layers by using the spin-coating method, the casting method and 
InkJet printing mettiod. the coating can be carried out using a solution prepared by dissolving 
the composition in a concentration of from 0.0001 to 90% by weight in an appropriate organic 
solvent such as benzene, toluene, xylene, chlorobenzene. tetrahydrofurane, 
metiiyltetrahydrofurane. N.N-dimethylfomiamide, chlorofomi, dichloromethane. 

30 dimethylsulfoxide and tiie like. The polymers should be completely soluble in tiie employed 
solvents. 

The organic EL device of the present invention has significant industrial values since it can 
be adapted for a flat panel display of an on-wall television set, a flat light-emitting device, a 
35 light source for a copying machine or a printer, a light source for a liquid crystal display or 
counter, a display signboard and a signal light The polymers and compositions of tfie 
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present inventton can be used In the fields of an organic EL device, a photovoltaic device, an 
electrophotographic photoreceptor, a photoelectric converter, a solar cell, an image sensor, 
and the like. 

5 The following examples are included for illustrative purposes only and do not limit the scope 
of the claims. Unless othenwise stated, all parts and percentages are by weight. 



10 



Example 1 



Examples 



Ni(000)2 




toluene. 80*C 

cr 

(after 17 h) 




n/m>S 



Monomer 2 



Bis(1.5-cyclooctadiene)nickel(0) (2.0 g. 7.27 mmol) and 2.2'-bipyridyl (1.14 g, 7.27 mmol) are 
dissolved in anhydrous toluene (7.0 ml) and stirred at BO^O for 1 hour under an argon 

1 5 atmosphere in the daric. Monomer 1 (0.23 g. 0.60 mmol) and 2.7-dlbromo-9.9-dihexylfluorene 
(IVIonomer 2) (1.50 g. 3.05 mmol) are dissolved in anhydrous toluene (7.0 ml) and purged 
thoroughly with argon, then added to the solutran of Ni complex and stirred at 80*^0 for 17 
hours under argon in the dark. Anhydrous toluene (7.0 ml) Is added and the reaction allowed 
to progress a further 5 hours. Bromobenzene (1 ml. 9.5 mmol) Is added and the reaction 

20 stln-ed for a further 2 hours. The reaction mixture is poured into stirred methanol/c.HCI(Bq) 
(10:1. 600 ml) and the resulting precipitate is stirred for 30 minutes and collected by filtration. 
The precipitate is redissolved in toluene (80 ml) and the precipitation repeated in acidic 
metiianol. The predpitate is redissolved in chloroform (80 ml) and passed through a plug of 
silica, then washed through wiUi chloroform (5 x 100 ml). The combined chloroform phases 

25 are concentrated to ca. 80 ml and precipitated In stirred methanol (600 ml) arid stin-ed for 30 
minutes. The polymer is collected by filtration and dried. 0.674 g; 58% recovery of material: 
Mw = 650,000. Pd = 2.21 (GPC, PS standards). 
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The polymerisation protocol In Example 1 may be used to produce either high Mw 
homopolymers or high statistical (random) co^jolymers from the following monomer 
families: 



Monomer 1 : 









A^ 


A^ 


A* 


Monomer 2 


1 


H 


Br 


H 


Br 


OMe 


2,7-dtbromo-9,9-dihexylfIuorene 


2 


H 


Br 


OMe 


H 


Br 


2,7-dibromo-9,9-dihexylfluorene 


3 


H 


Br 


H 


H 


Br 


2,7-dibromo-9,9-dlhexytfIuorene 


4 


H 


Br 


H 


Br 


OMe 


2,7-dibromo-9,9-dr(2'-ethyIhexyl)fluorene 


5 


H 


Br 


OMe 


H 


Br 


2,7-dibromo-9,9-di(2'-ethyIhBxyl)fluorene 


6 


H 


Br 


H 


H 


Br 


2.7^ibromo^.9-di{2'.ethylhexyl)fluorene 


7 


H 


Br 


H 


Br 


OMa 


2,7-dibromo^,9-diheptytfluorene 


8 


H 


Br 


OMe 


H 


Br 


27-dibromo-9,9-diheptylfluorene 


9 


H . 


Br 


H 


H 


Br 


2.7-dibromo-9,9-diheptylfluorBnB 


10 


H 


Br 


H 


Br 


OMe 


2,7-dibromo-9,9-dioctyifluorene 


11 


H 


Br 


OMe 


H 


Br 


2,7-dibromo-9,9-diocty)fluorene 


12 


H 


Br 


H 


H 


Br 


' 2,7^ibromo-9,9-dioctylfluoren6 


13 


H 


Br 


H 


Br 


OMe 


4,4 -dibromo-2,2'-dihexylbiphenyl 


14 


H 


Br 


OMe 


H 


Br 


4.4'-dibromo-2,2*<lihexyIblphenyi 


15 


H 


Br 


H 


H 


Br 


4,4'-dibromo-2.2'>dihexylblphenyl 


16 


H 


Br 


H 


Br 


OMe 


1 ,4-dihexyIoxy-2,5-dibromophenyl 


17 


H 


Br 


OMe 


H 


Br 


1 ,4-dihexyIoxy-2.5-dibromophenyl 


18 


H 


Br 


H 


H 


Br 


1 ,4-dihexyloxy-2.5-dibromophenyl 


19 


H 


Br 


H 


Br 


OMe 


1 ,4-dl(2 -ethyIhexyl)oxy-2,5-dibromophenyl 


20 


H 


Br 


OMe 


H 


Br 


1,4-di(2'-ethylhexyl)oxy-2.5<libromophenyl 


21 


H 


Br 


H 


H 


Br 


1,4-di(2'-ethylhexyl)oxy-2,5-dibromophenyl 


22 


H 


Br 


H 


Br 


OMe 


1 i4-dioctyloxy-2,5<libromophenyl 


23 


H 


Br 


OMe 


H 


Br 


1 >4-dioctyloxy-2,5-dibromopheny{ 


24 
Mom 


H 

3mer 1r 


Br 


H 


H 


Br 


1 .4-dioctyloxy-2,5-dibromophenyl 
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A' A* 







A^ 


A^ 


A^ 


A« 


A« 


Monomer 2 




"25 


H 


H 


H 


Br 


OMe 


Br 


2,7-dibromo-9.9-dihBxyffluorene 




26 


H 


H 


H 


H 


Br 


Br 


2.7-dibromo-9.9-dihexyinuorBne 




27 


H 


Br 


H 


Br 


OMe 


H 


2,7-dlbromo-9,9-dlhexylfIuorene 




28 


H 


Br 


H 


H 


Br 


H 


2.7-dibromo-9,9-dihexymuorBne 




29 


H 


Br 


H 


H 


Br 


H 


2,7-dibromo-9,9-dioctylfIuofBne ' 




30 


H 


H 


H 


Br 


OMe 


Br 


2.7-dibromo-9,9-dioctylfluorene 




31 


H 


H 


H 


H 


Br 


Br 


2,7-d?bromo-9,9-dioctyIfluorene 




32 


H 


Br 


H 


Br 


OMe 


H 


27-dibromo-9,9-dioctyHluorene 




Monomer 1 


































A 
















A=^ 


A? 


A* 


A*> 


A' 


Monomer 2 


33 


H 


Br 


H 


H 


Br 


H 


2,7-dibromo-9,9-dihexyIfIuorene 


34 


H 


Br 


OMe 


H 


H 


Br 


2,7-dibromo-9,9-dihexylfluorene 


35 


H 


Br 


H 


H 


Br 


H 


2.7-dibromo-9,9-di(2'-ethylhexyi)fluorBne 


36 


H 


Br 


OMe 


H 


H 


Br 


2,7-dibromo-9.9-di(2'-ethyIhexyl)nuorene 


37 


H 


Br 


H 


H 


Br 


H 


2,7-dibromo-9,9-dioctylfluorenB 


38 


H 


Br 


OMe 


H 


H 


Br 


2,7-dIbromo-9,9-<fioctylfluorene 
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Example 2 




fnooomcf A 



Monomer 3 (1 .0 g, 2.31 mmol) and monomer 4 (2.38 g, 2.31 mmol) are suspended in toluene 
(15 ml) and purged by bubbling argon through for 10 minutes. Palladium catalyst (1 mol%) Is 
5 added and the toluene phase purged for a further 10 minutes, Tetraethylammonlum 
hydroxide (20% aq. solution; 8 ml) is added and the whole heated to reflux for 20 hours. 
Bromobenzene (0.2 ml) is added and the reaction allowed to proceed for a further hour, then 
phenylboronic acid is added and the reaction stirred for anoUier hour. On cooling the reaction 
mixture Is diluted with toluene (20 ml) and poured into acidic methanol (10 ml 32% HCI<aq) in 
10 500 ml methanol) and filtered. The pale solid is redissolved in toluene (100 ml) and stirred 
vigorously wfth an aqueous solution of disodium EDTA (5%. 200 ml) for 1 hour. The toluene 
phase is separated, concentrated to ca. 50 ml and precipitated in methanol (400 ml), filtered 
and dried. 

15 The polymerisation In Example 2 may be used to produce either homopolymers or 
alternating copolymers from tiie following monomer lamilies: 
Monomer 3: 

A' A* 









A^ 


A-^ 


A*> 


Monomer 4 


39 


H 


Br 


H 


Br 


OMe 


2.7Kll(4.4,5.5-tetramethyl-1.3,2-dioxaboroIan-2-yl)- 
9,9-dihexylfluorene 


40 


H 


Br 


OMe 


H 


Br 


2.7-<ll(4.4,5,5-tetramethyl-1.3.2-dioxaborDlan-2-yI)- 
9,9-dihexylfluorene 
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41 


H 


Br 


H 


H 


Br 


2,7Kli{4.4,5.5-tetramethyl-1,3,2-clioxaborolan-2-yI)- 
9,9-drhexyIfluorene 


42 


H 


Br 


H 


Br 


OMe 


2.7-dl(4,4,5,5-tetramethyl-1,3.2-dlQxaborolan-2-yl). 
9,9-dl(2'-«thyIhexyI)fluorene 


43 


H 


Br 


OMe 


H 


Br 


2.7-di(4,4,5.6-tetramethyl-1.3.2-dioxaborolan-2-yl)- 
9.9-di{2*-ethyIhexyl)fluorene 


44 


H 


Br 


H 


H 


Br 


2,7-di{4.4,5,5-tetramethyl-1,3,2-dIoxaborolan-2-yl)- 
9,9-di(2'-ethy!hexyl)fluorene 


45 


H 


Br 


H 


Br 


OMe 


2,7-di(4,4,5,6-telramethyl-1,3,2-dioxaborolan-2-yI)- 
9,9-dfheptylfluorene 


46 


H 


Br 


OMe 


H 


Br 


2,7-di(4,4,5,5-tetramethyl-1,3.2-dlQxaborolan-2-yl)- 
9.9-diheptylfluorene 


47 


H 


Br 


H 


H 


Br 


2.7-di{4.4,5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)- 
9.9-diheptylfluorene 


48 


H 


Br 


H 


Br 


OMe 


2,7-cIi{4,4,5.5-tetramethyl-1,3.2-dioxaborolan-2-yl)- 
9,9-dioctylfIuorene 


49 


H 


Br 


OMe 


H 


Br 


2,7-di(4,4,5,5-tetramethyI-1.3,2-dioxaborolan-2-yI)- 
9.9-dioctylfluorBne 


50 


H 


Br 


H 


H 


Br 


27-di(4.4,5,5-tetrannethyf-1.3,2-dloxaborolan-2-yl)- 
9,9-dioctyIfluorene 


51 


H 


Br 


H 


Br 


OMe 


4,4'-di{4,4.5,5-tetramethyI-1.3,2-dioxaborDlan-2-yl). 
2,2'-dlhexylbiphenyl 


52 


H 


Br 


OMe 


H 


Br 


4,4'-dif4.4.5.5-t6trameth\/I-1 ^^Inyahnmlan O \A\- 

2,2-dihexylbiphenyl 


53 


H 


Br 


H 


H 


Br 


4.4'-di(4,4.5,5-tetramethyl-1.3,2-dioxaborolan-2-yl)- 
2,2'-dfhexylbiphenyl 


54 


H 


Br 


H 


Br 


OMe 


1.4-dihexyIoxy-2.5-di(4,4.5,5-tetramethyl-1.3.2- 
dioxaboro)an-2-yt}phenyi 


55 


H 


Br 


OMe" 


H 


Br 


1.4-dihexyloxy-2.5-di(4.4,5.5-tetramethyl-1,3,2- 
dioxaborolan-2-yI)phenyl 


56 


H 


Br 


H 


H 


Br 


1.4-dihexyloxy-2,5-di(4,4.5.5-tetramethyl-1,3,2- 
dioxaborolan-2-yl}phenyl 


5/ 


H 


Br 


H 


Br 


OMe 


1,4-di(2'-ethylhexyl)oxy-2.5-di(4,4,5,5-tetramethy|. 
1 .3,2>dioxaboro)an-2-yl)phenyl 


58 


H 


Br 


OMe 


H 


Br 


1.4-di(2'-ethylhexyt)oxy-2.5-dl(4,4,5,5-tetramelhyl- 
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1 ,3,2-dioxaboro!an-2-yl)phenyl 


59 


H 


Br 


H 


H 


Br 


1.4<Ji(2'-ethylhexyl)oxy-2,5-di{4.4,5,5-tetramethyl- 
1 ,3.2-dfoxaboroIan-2-yl)phenyl 


60 


H 


Br 


H 


Br 


OMe 


1 .4-dioctyloxy-2,5-dK4,4,5,5-telramethyl-1 ,3,2- 
dioxaboroIan-2-yt)phenyl 


61 


H 


Br 


OMe 


H 


Br 


1 ,4-diocty!oxy-2.5-di(4,4,5,5-tetramethy|.1 ,3,2- 
dioxaboroIan-2-yl)phenyl 


62 


H 


Br 


H 


H 


Br 


1 ,4-dioctyloxy-2,5-di(4.4,5.5-tetramethyl-1 ,3,2- 
dioxaboroian-2-y])phenyl 



Monomer 3: 
A' 










A^ 


A^ 


A^ 


A« 


Monomer 4 


63 


H 


H 


H 


Br 


OMe 


Br 


2,7-di(4,4,5,5-tetramethyl-1,3.2-dioxaborolan-2- 
yl)-9,9-dihexylfluorene 


64 


H 


H 


H 


H 


Br 


Br 


2,7-di{4.4,5,5-tetramethyl-1.3,2-dioxaborolan-2- 
yI)-9,9-dihexylfluorene 


65 


H 


Br 


H 


Br 


OMe 


H 


2,7-dl{4,4,5,5-tetramethyl-1.3,2^ioxaborolan-2- 
yl)-9,9-dihexylfluorene 


66 


H 


Br 


H 


H 


Br 


H 


2,7-di{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl)-9,9-dlhexylfiuorene 


67 


H 


Br 


H 


H 


Br 


H 


2,7-di(4.4,5,5-tetramethyl-1,3.2-dioxaborolan-2- 
yl)-9,g-dioctylfIuorene 


68 


H 


H 


H 


Br 


OMe 


Br 


2,7-di(4,4,5,5-tetramethyl-1,3,2-dioxaboroIan-2- 
yi)-9.9-dloctylfIuorene 


69 


H 


H 


H 


H 


Br 


Br 


2,7-dl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2- 
yl )-9 ,9-d ioctylfluorene 


70 


H 


Br 


H 


Br 


OMe 


H 


2.7-di(4,4,5,5-tetramethyl-1,3,2-dioxaboro!an-2- 
yl)-9,9-dioctylfluarene 
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A^ 


A^ 


A^ 


A' 


Monomer 4 


71 


H 


Br 


H 


H 


Br 


H 


2,7-di(4,4,5,5-letramethyl-1,3,2-cltoxaborolan-2- 
yt)-9,9-clihexylfluorene 


72 


H 


Br 


OMe 


H 


H 


Br 


2,7-di{4,4.5,5-tetramethyl-1.3,2-dioxaborolan-2- 
yI)-9,9-dihexyinuorene 


73 


H 


Br 


H 


H 


Br 


H 


2,7-dl(4.4.5.5-tetramethyl-1,3,2-clioxaboroIan-2- 
yI)-9,9-di(2'-ethyIhexyl)fIuorene 


74 


H 


Br 


OMe 


H 


H 


Br 


2,7-di(4,4,5.5-tetramethyI-1,3,2-dioxaborolan-2- 
yl)-9,9-di(2*-ethylhexyl)f!uorene 


75 


H 


Br 


H 


H 


Br 


H 


2.7-di{4,4,5,5-tetramethyI-1.3,2-diQxaborolan-.2- 
yl)-9,9-dlocty!fluorene 


76 


H 


Br 


OMe 


H 


H 


Br 


2.7-di{4,4,6,6-tetramethyl-1,3,2-dioxaboroIan-2- 
yI)-9,9-clioctyifluorene 



10 



15 



Application Example 1 

The ITO-glass used for device fabrication Is 1 square inch with a nominal sheet resistance of 
12 ohm/square. The ITO is patterned by photolithography and etching, then cleaned with 
water, solvents and finally by exposure to RF-plasma. The PEDOT-PSS (PEDOT = poIy{3 4- 
ethylenedioxy-thiophene), PSS = poly(slyrenesulfonic acid)) layer Is spin-coaled from 
aqueous dispersion as aquired from Bayer Corporation and balced at 200°C ibr 30 minutes 
such that the final layer thickness was 40 nm. Polymer67 is spinH»ated from toluene 
solution such that the layer thiclcness is 80 nm. Calcium (20 nm) and aluminium (70 nm) are 
thermally deposited in a vacuum chamber. The patterning of ITO and cathode creates 8 
active devices of area 4 mm^. 

The devices exhibit a tum^n voltage (luminance > 1 cd/m«) of 7.4 V. reaching a peak 
efficiency of 0.012 od/A. 



wo 2004/099285 



PCT/EP2004/050606 



10 



15 



Example 3 



monomer 5 
+ 



49 



toluene 
reflux 

'o' ' 




monomer 6 

Monomer 5 (1.58g, 3.18 mmol) and monomer 6 (1 .57 g. 3.18 mmol) are dissolved In toluene 
(22 ml) and purged by bubbling argon through for 10 minutes. Palladium catalyst (1 mol%) is 
added and the toluene phase purged for a further 10 minutes. Tetraethylammonium 
hydroxide (20 % aq. soIuUon; 12 ml) is added and the whole heated to reflux for 20 hours. 
Bromobenzene (0.2 ml) Is added and the reaction allowed to proceed for a further hour, then 
phenylboronic acid Is added and the reacOon stirred for another hour. On cooling the reacUon 
mixture is diluted with toluene (20 ml) and poured into methanol (10 ml 32 % HCIoq) in 500 ml 
methanol) and filtered. The pale solid is redissolved in toluene (100 ml) and stirred vigorously 
with an aqueous solution of disodlum EDTA (5 %, 200 ml) for 1 hour. The toluene phase is 
separated, concentrated to ca. 50 ml and precipitated In methanol (400 ml), filtered and dried 
to yield 1.6 g polymer (85 % recovery). 

The polymerisation in Example 3 may be used to produce either homopolymers or 
alternating copolymers from the «bllowing monomer families: 




Monomer 5: 







A' 




Monomer 6 


77 






H 


1 ,4-dibromo-2,5-bi5hexy]oxybenzene 


78 




H 




1 ,4*dibramo-2,5-bishexyIoxybenzene 
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79 






H 


1 ,4-dibromo-2,5-bisheptyloxyben2en8 


80 




H 




1 i4-dibromo-2,5-bisheptyloxybenzene 


81 






H 


1 ,4-dtbrqmo-2,5-bIsoctyloxybenzene 


82 




H 




1 ,4<l!bromo-2,5-bisoctyloxybenzene 


83 






H 


2,6-dlbromo-1 .S-hexyloxynaphthalene 


84 




H 




2,6-dibronio-1,5-bi5hexyloxynaphthalene 


85 






H 


2,6-<Jibronn<>-1 ,5-bisheptytoxynaphthalene 
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2,6-dibromo-1 ,5-bisheptyloxynaphthalene 
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2,6-clibromo-1 i5-^tsocttyioxynaphthalene 


88 




H 




2.6-dibromo>1,5-bisocttyloxynaphthalene 



Application Example 2 

The rro^lass used for device fabrication is 1 square Inch with a nominal sheet resistance of 
12 ohm/square. The ITO is patterned by photolithography and etching, then cleaned with 
water, solvents and finally by exposure to RF-plasma. The PEDOT-PSS layer is spin-coated 
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from aqueous dispersion as aquired from Bayer Corporation and balced at 200°C for 30 
minutes, such that the final layer thickness is 100 nm. Polymer 67 is spin-ooated from 
toluene solution such that the layer thickness is 80 nm. Barium (5 nm) and aluminium (100 
nm) are thennally deposited in a vacuum chamber. The patteming of ITO and cathode 
5 creates 8 active devices of area 4 mm^. 

The devices exhibit a turn-on voltage (luminance > 1 od/m^ of 3.6 V, reaching a peak 
efficiency of 0.61 cd/A. 

1 0 Application Example 3 

The ITO-glass used for device fabrication is 1 square inch with a nominal sheet resistance of 
12 ohm/square. The ITO is patterned by photolithography and etching, then cleaned with 
water, solvents and finally by exposure to RF-plasma. The PEDOT-PSS layer is spin-coated 
from aqueous dispersion as aquired from Bayer Corporation and baked at 200*'C for 30 

1 5 minutes, such that the final layer thickness is 100 nm. Polymer 67 is spin-coated from 
toluene soIuUon such that the layer thickness is 80 nm. Uthium fluoride (5 nm), calcium 
(lOnm) and aluminium (200 nm) are thermally deposited In a vacuum chamber. The 
patterning of ITO and cathode creates 8 active devices of area 4 mm^. 

20 The devices exhibit a turn-on voltage (luminance > 1 od/m^) of 3,7 V, reaching a peak 
efficiency of 1 .41 cd/A. 

Application Example 4 

The ITO-glass used for device fabrication is 1 square inch with a nominal sheet resistance of 
25 1 2 ohm/square. The ITO is patterned by photolithography and etching, then cleaned with 
water, solvents and finally by exposure to RF-plasma, The polyaniline (PANI) layer Is spin- 
coated such that the final layer thickness is 100 nm. Polymer 67 is spin-coated from toluene 
solution such that the layer thickness is 80 nm. Lithium fluoride (5 nm), calcium (lOnm) and 
aluminium (200 nm) are thermally deposited in a vacuum chamber. The patteming of ITO 
30 and cathode creates 8 active devices of area 4 mm^. 

The devices exhibit a turn-on voltage (luminance > 1 cd^m^) of 3.8 V, reaching a peak 
efficiency of 1 .39 cd/A. 



